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Automatic production flow control, like the manifold 
above, is always fast, foolproof and economical when 
you use Rockwell-Nordstrom valves. 

The positive shut-off, trouble-free dependability 
and money saving advantages of wrench and gear 
operated Rockwell-Nordstrom valves have been proven 
in the production fields for forty years. In automatic 
operation, you get the same cost-cutting advantages, 
and more. Because Rockwell-Nordstrom valves close 
with a lubricant-smooth quarter-turn, you do not 


Your First Oil or Gas Loan 
Chile Pushes Production and Refinery Runs 


Wanted: Executive Talent 


Communications: How Can We Write 
Superior Business Letters? 
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PUSH BUTTON MANIFOLD SAVES TIME, MONEY 


need an extra heavy force to wedge-in the seat. This 
means that actuators can be simpler, less costly. 

Insist on rugged, money saving Rockwell-Nordstrom 
valves for your next installation or valve replacement 
program. They cost no more to buy——often less—than 
ordinary valves, and are available in a complete range 
of sizes with electric, pneumatic and cylinder operators. 
See your nearest oil field supplier or write: Rockwell 
Manufacturing Company, Pittsburgh 8, Pa. Canadian 
Valve Licensee: Peacock Brothers Limited. 


ROCKWELL-Nordstrom VALVES 


Lubricant Sealed For Positive Shut-off 
40t YEAR of lubricated plug valve leadership 
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Dowell's paddle mixing equipment supplies a constant flow of properly mixed materials to the large-volume pumps. 
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FRACTURE AND ACIDIZE 
IN ONE ECONOMICAL TREATMENT! 


ACID PETROFRAC* is an exclusive 
Dowell fracturing treatment with 
double action for better results with 
less rig time. It uses an acid-in-oil 
emulsion to fracture and acidize in 
one operation. Acid constitutes 90 to 
95% by volume of the total mixture 
The oil phase may be kerosene, diese! 
oil or crude oil. 


Its high acid content with retarded 
acid properties means deeper penetra 


tion, extended drainage pattern and 
increased permeability. Sand carrying 
ability is high, up to 6 pounds per 
gallon—-even at high temperatures. 


Dowell each Acid 
Petrofrac treatment to fit your well 
requirements. [Fluids pre 
mixed or prepared at the well site 
in Dowell’s paddie mixing equip 
ment. The mixture can be regulated 
to obtain the proper viscosities and 


engineers tailor 


can be 


fluid loss. Properties which prevent 
the swelling of silicates in the spent 
acid solution inherent in Acid 
Petrofrac. No gel-breaker is needed. 
No shut-in time is required. 


are 


lor more information or service, call 
any of the 165 Dowell offices in the 
United States and Canada; in Vene 
zuela, contact United Oilwell Service. 
Or write to Dowell Incorporated, 
Pulsa 1, Oklahoma, Department G-12. 

service Mar 


< of Dow Incorporated 


services for the oil industry 


A SERVICE SUBSIDIARY OF THE DOW CHEMICAL COMPANY 


















~The First Gear- Driven 
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Today... its successors continue to give 


UNEQUALLED PERFORMANCE / 


HAT DOES IT MEAN that “Oilwell” has devoted 
continuous attention to the design and manufac- 
ture of machinery and equipment for the Petroleum 
Industry . . 
industry? 
It means that we are experienced and practical . . . 
that we know the advantages of following conservative 


. ever since it has been recognized as an 


design policies . . . and that whenever possible, im- 
proved products are kept dimensionally interchange- 
able with their predecessors. 

And what does all this mean to present-day users of 
“Oilwell” Pumping Units? 

It means that we are able to give our customers 
service throughout the later life of their pumping units 

. when service is really needed. 
For example, did you know that when gear boxes on “Oilwell” 
units of the early 30’s become worn beyond economical mainte- 
nance, present-day gears of cornparable capacity can be slipped 
in place without so much as a change in bolt holes, pitman lengths 
or crank requirements? 


UsS 





If you have used “‘Oilwell” pumping units for a number 
of years, the value of this conservative design policy 
is self-evident in your own maintenance records. 

If you are about to purchase new pumping equip- 
ment, investigate the many features and advantages 
that are combined in the “Oilwell” line . . . and know 
that stabilized design will enable you to secure mainte- 
nance parts and service at minimum expense through- 
out the long service life of each unit. 


WHENEVER . . . you wont help with @ production problem, call 
ovr searest store or office and discuss it with an “Oilwell” repre- 
senta ive. He'll gladly help you get all the facts. 


Oil WELL SUPPLY 


DIVISION 
UNITED STATES STEEL CORPORATION 


Executive Offices—DALLAS, TEXAS Area Iffices— CALGARY, CANADA 
Export Office— CASPER, WYOMING COLUMBUS, 0. 
30 ROCKEFELLER PLAZA DALLAS, TEXA . HOUSTON, TEXAS 
WEW YORK 20, W. Y. TULSA, OKLA OS ANGELES, CALIF 
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The Conference Table 
You're spending $7.4 billion this year to build the petroleum 
industry. 
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Your First Oil or Gas Loan 
Two producing wells and you can begin using the bank's 


money .. . If you haven't tried it yet, here is the way. 
— E. M. Reed 


Chile Pushes Production and Refinery Runs 
Nation's oil monopoly ENAP needs even faster growth to catch 


up with rising demand. — John S. Barwick 


Communication: Seventh of a Series 


How can we write superior business letters? —- Dennis Murphy 


Wanted: Executive Talent 
In this “fiercest manhunt in history"’ there are 5200 business or 
industrial firms that have formal college recruiting programs 
... Some 1500 companies support higher education through 
scholarships and fellowships .. . Industry and educators have 
worked out courses for executive and management training. 
— James H. Pipkin 


DRILLING AND PRODUCING 


New Triple Completion Technique 
Royal W. Reiss 


Drilling Rig Locator 
Electrical Resistivities of Oil Field Brines in South 
Arkansas and North Louisiana 
Murphy E. Hawkins and J. lL. Moore 
Deep Drilling Slated for Japan 
PRODUCTION FUNDAMENTALS 


Placing a Well on Production 
James A. Perkins, Jr. 
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French Turbo-drill Rights Granted to American Firm 
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Dwight J. Evans 
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Arch L. Foster 
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W. C. Woods 
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Explosive Characteristics of Aviation Gasoline — 
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Union Oil Company Shale Oil Plant 
John 8. Pownall 


Two-Step Insulation Reduces Maintenance Down-Time 
Robert L. Ellis 

OIL AND GAS PIPELINING 

Pipe Line Flow Efficiency Testing — A Symposium 


Soon You May Be — Spraying or Painting Coatings on Pipe Lines 
Robert Bradford 


Modern Design of Oil Pipe Lines — Part 2 
Fritz Korge 


Now ... Measure Pump Efficiencies from Fluid Temperature Rises 
G. P. Jennings and L. P. Meade 
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Wayne A. Johnson 
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Buy Only the Best 
F. Vinton Long 


Microwave System Planning. Part 5: 
Propagation Path Planning 


lee Elmore 
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Practically Noiseless Plant . . . Serves Suburban Area for SoCal Gas 
R. C. Baird, Jerry Stumm 
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‘Soul Searching’’ Corporations 


“This is an era of soul searching,” we heard a thoughtful journalist say the 
other day. 

He was speaking of individuals but it applies to companies too. Not only 
does the individual ask, “Am i making the best possible use of my life?” but 
corporate bodies have begun to concern themselves with ideas other than 
immediate money profit. 

Education, community projects, welfare of employees and of consumers 
of their products gain from this deepening feeling of company responsibility. 

Another phase of this development is the call to unselfish industry respon- 
sibility *hat has been sounded by Jake L. Hamon, chairman of the board of API 
(at TIPRO), by President Frank M. Porter (at IPAA), and by others. From 
them comes the reasoned plea that you think of industry’s good as well as your 
company’s needs — because you can’t have a satisfactory company in a 
disrupted industry or, worse, in an industry controlled by government. 

Throughout is the refrain that efficiency and success are based on consid- 
ered ethics and positive morals. As James Pipkin, Texas Company vice presi- 
dent, told National Sales Executives: “Evidence is everywhere that the corpora- 
tion has achieved a new maturity, one in which service is the key principle: 

“For the public, there is keen competition on price and quality; continuous 
and unstinting effort to improve them both. 

“For the nation, there are some of the business community’s finest men in 
Government positions; cooperative research and production of weapons for 
defense; billions of dollars annually in tax payments. 

“For the employee, there is the realization that he is the company’s most 
important asset; jobs as secure as possible, good wages, wholesome working 
conditions, provision for advancement, vacations, medical benefits, insurance. 
and pensions. 

“For the stockholder, there is full disclosure of operations and financial 
affairs; in a growing number of instances, regular and reasonable returns on 
his investment. 

“For the rest of the free world, there is know-how which industry shares, 
and capital investment by which it helps raise living standards. 

“All in all, I would say that the American business community is facing 
up quite well to its economic and moral responsibilities.” 


Ernestine Adams 
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There’s more to the story, too—because Nalco Inhib- 
itors were then tried in another absorption system, 
THE RESULT: and performed so successfully they are now used at 
Pressure drop across exchanger a number of other locations within the refinery. If 
ou mapa aprsions ae pty yours isa similar problem of fouling, corrosion or 
by the detergent-dispersant action hydrogen blistering, it will certainly pay you to look 
Pat Sano on — into these amazing Nalco Inhibitors. Talk it over 
changer banks required no manvol with your Nalco Representative or write direct. 
cleaning ofter months of operation. 


NATIONAL ALUMINATE CORPORATION 
6212 West 66th Place * Chicago 38, Illinois 


® In Canada: Alchem Limited, 
Burlington, Ontario 
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CLINT W. Murchison, 62, does a 
great part of his day's work before the 
rest of us are even out of bed. Arising 
sometimes as early as 3:30 in the 
morning, he often prepares his break- 
fast, listens to the radio a little while, 
then drives himself to work in an un- 
pretentious car. 

His office is between a busy automo- 
bile expressway and a railroad main 
line in Dallas, Texas. Here he is de- 
veloping one of his latest ventures. 
Called “Boys, Incorporated,” the un- 
dertaking will be the creation of a 
string of clubs for underprivileged boys. 
These clubs will be financed from the 
profits of the Del Mar racetrack in 
California, which Murchison and his 
associate, Sid Richardson, have ac- 
quired specifically for this purpose. 

These clubs are Murchison’s way of 
taking a positive approach toward solv- 
ing the problem of juvenile delin- 
quency. They round out his program of 
contributions to recognized charities 
such as the Community Chest and hos- 
pital campaigns. His interest in boys 
and young men extends to a scholar- 
ship fund which is administered by 
Texas A&M College. 

Murchison has been in the petroleum 
business since the rough-and-tumble 
Burkburnett field days of 1919, just 
after World War I. He began part of 
what is now Delhi-Taylor Oil Corpora- 
tion in 1945 when he organized the 
Southern Union Development Com- 
pany. Later this name was changed to 
Delhi Oil Corporation in honor of 
Dethi, Louisiana, where much of the 
company’s production was located. 

Delhi has grown from its 1945 be- 
ginning with $2.4 million in assets to a 
bustling corporation with book assets 
of $71.5 million in just 11 years. This 
growth was highlighted early in 1955 
when Delhi was merged with the Tay- 
lor Oil and Gas Company, thus form- 
ing a well-rounded company with in- 
terests ranging from oil exploration to 
refining high-octane gasoline and fuei 
for military aircraft. 

One of Murchison’s favorite sports 
is fishing for brim (spelled “bream” 
outside Texas). In one of the few re- 
maining wilderness areas of Texas, near 
his Henderson county home town of 
Athens, he likes to sit by the hour and 
fish because he says it gives him time to 
think. 

His interest in fishing, and because 
he foresaw a basic change in the do- 
mestic economic picture with shorter 
working hours meaning more leisure 
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CLINT W. MURCHISON 
Independent Oil Operator and Entrepreneur 


time for everybody, led the Murchi- 
son family to acquire a substantial in- 
terest in the fishing-tackle firm of 
James Heddon & Sons, as well as in 
Field and Stream magazine. 

Other interests range from major 
stockholdings in a Dallas taxicab com- 
pany, a New York publishing house 
and the Royal Gorge Bridge, to in- 
terests in three substantial life insur- 
ance companies, several banks in 
Texas, and an investment company 
which manages assets totaling roughly 
$2 billion. 

Murchison is deeply interested in the 
exploration for and the proper use of 
our natural resources. As chairman of 
the board of Delhi-Taylor, he advises 
on long-range planning, on policy mat- 


ters, and on the acquisition of produc- 
ing properties. 

One of the most important ven- 
tures now being undertaken by Murch- 
ison and his associates is the planned 
construction of a 2200-mile gas pipe 
line from Alberta to Quebec. When 
completed, this 30-to-34-inch pipe line 
will be almost 50 per cent longer than 
the “Big Inch” line which runs from 
Texas to the eastern seaboard. 

Murchison is a firm believer in the 
free enterprise system. His formation 
and naming of the American Liberty 
Oil Company in the early nineteen-thir- 
ties demonstrates his belief in basic 
freedom and what Fortune magazine 
calls “that durable piece of legislation: 
The law of supply and demand.” 
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DIG 1734 FEET DEEP with Koehring '4-yard hoe 


There are several reasons why you should look into 
this heavy-duty 2-yard hoe. For one thing, you get excep- 
tionally wide work range on trenches, slush pits, footings 
and other below-grade excavations. !t digs 17% feet below 
crawlers. Long reach puts spoil bank well beyond edge of 
cut — and gives up to 8% foot clearance height (at begin- 
ning of dump) to load trucks. ¥2-yard dipper makes a wide 
cut — 31 inches over side-cutters. During dig-and-swing 
cycle, close-coupled dipper pulls up tight to boom, avoids 
spillage as boom swings out of the cut. 


Behind the Koehring 205’s powerful cable crowd, fast line 
and swing speeds is plenty of reserve strength for heaviest 
digging assignments. Big, 20-inch main-drum clutches are 
among the largest used in the '-yard class. Antifriction 
power-flow on dig, hoist, swing and travel assures smooth, 
dependable operation under maximum loads. Automatic 
traction brakes simplify operation — safely lock and hold 
the 205 when working or parked. Operators like the 205’s 
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ease of operation. You'll like the extra work capacity you 
get with every attachment. For example — 


This big-capacity 205 readily converts from hoe to Y2-yard 
shovel, handles 2 to %-yard clamsheil or dragline buckets 
on a wide work radius — has 10-ton capacity as a crawler- 
mounted crane. It’s available with all standard attachments 
on 32% m.p.h. truck mounting. Koehring 205 truck crane has 
15-ton capacity. Better look into this heavy-duty 205 soon. 
Ask your Koehring distributor to demonstrate what it will 
do for you. See him, or write us. (Four larger sizes of 
excavators and cranes also available in the Koehring line.) 


KOEHRING COMPANY 


Milwaukee 16, Wisconsin 
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ae (Subsidiaries: Kwik-Mix * Parsons * Johnson) 
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“Statistics are 


the heart of democracy 
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You're Spending $7.4 Billion This Year to Build the Petroleum Industry 


Owns net plants and 
property 


United States oil companies have 
scheduled an estimated $7.4 billion 
for capital expenditures this year. 
This is about 10 per cent more than 
we estimated the first of the year.’ 
Virtually all investment figures re- 
vised since January have been up- 
ward. 

At least 25 per cent of this $7.4 
billion will be spent abroad. This 
record proportion reflects the grow- 
ing cost of U. S. oil operations and, 
to a small degree, problems of con- 
verting money earned abroad to dol- 
lars. For the first time foreign oper- 
ations have a cost appeal, which is 
taking small companies into foreign 
fields. 

This huge expansion figure means 
that as petroleum industry manage- 
ment, you have the biggest task on 
your hands of any industry in the 
world. Planning has been going on 
for years, but the plans must be car- 
ried out in one year while at the 
same time preparations are made for 
the future. Each company manage- 
ment has the job of holding or im- 
proving its competitive position in 
a highly competitive industry. 

Take a look at the table on the 
opposite page. It will give you some 
idea of the vast extent of the indus- 
try and its growth, 

Note that the $18 billion invested 
in plants, equipment and property 
are net worth of these fixed assets. 

The $21% billion stockholders’ 
equity does not include a value on 
oil and gas reserves owned by the 
various companies. 

Working capital (current assets 
less current liabilities) is necessarily 
large an industry where flexibility 
extends to financing. Total industry 
working capital is about 9 per cent 
of the net for all U. S. corporations. 

In 1955 capital expenditures were 
8 per cent higher than in 1954. This 
year estimates are 20 per cent higher 
than in 1955. 

We use this summary of 63 pub- 
lic-stock-held companies as roughly 
two-thirds of the total industry 
capital and outlay. 

On this basis the VU. S. oil in- 
dustry: 


This Year of Prosperity—1956," Janu- 
ary, 1956, The Petroleum Engineer, Page 


“298. 


$27.5 billion 
Owns other assets -+ 2.5 billion 
Has working capital + 9.2 billion 


=$39.2 billion 


Owes long term 

debt — 5.6 billion 
Has stockholders 

equity =$32.2 billion 

The most interesting figure in this 
table, in view of the opposition in 
some quarters to a depletion allow- 
ance, is the comparatively small tax 
deductions in 1955 for all charge- 
offs, including depreciation, deple- 
tion, intangibles (amortized drilling 
costs, etc.) 

In our capitalistic system you 
aren't supposed to pay taxes on cap- 
ital. You should be able to replace 
your capital investments with 
charge-offs. Obviously this simply is 
not true of the oil industry. 

In 1955 the charge-offs were 
enough to pay for only 55 per cent 
of what the petroleum industry had 
to spend on capital replacements 
and expansion. That would mean 45 
per cent for expansion which didn’t 
happen. 

This discrepancy was not in a 
period of inflation and many com- 
panies took advantage of the accel- 


TABLE 2. 


An Oil Company Average of 
63 Firms Would Have: 


Net fixed assets . . . $289,090,000 
27,379,000 
97,699,000 
58,750,000 


Working capital .. . 
Long term debt ... 
Stockholders equity 
12/31/55 340,438,000 
Charge-offs 1955 .. 35,636,000 
Capital Expendi- 
tures 1955 .... 


Est. capital 
expenditures 1956 78,025,000 


65,053,000 


erated charge-offs allowed by the 
Defense program. Looking at the 
overall picture, charge-offs in the 
petroleum industry are far from ade- 
quate with a 27% per cent depletion 
deduction and rapid depreciation. 

The figures in Table 2 bring the 
industry data down to comprehen- 
sion. There is no average company, 
of course. It is easier, however, to 
conceive of spending $78 million 
on replacing oil and gas production, 
plants and equipment, and distribu- 
tion facilities and on any expansion 
for one company’s needs than to 
imagine spending $5 billion for 63 
companies. 

Now that we've seen the impres- 
sive figures, let’s take a look at what 
they demand in human brains and 
effort. 

Some of the companies in this ta- 
ble began 10 or 15 years ago with 
project outlines for 1956. The pe- 
troleum industry must plan that far 
ahead in order that supplies will 
match consumption and distribution 
will mean convenience. 

The training and experience of 
management's top men are concen- 
trated on this gigantic task of plan- 
ning. As plans are completed they 
are turned over to other manage- 
ment forces to put into action. 

You don’t just spend $7.4 billion 
on things your company might need 
now. You spend $7.4 billion on find- 
ing More reserves, on more and bet- 
ter processing capacity, on a larger 
and more efficient distribution net- 
work. You invest $7.4 billion in 
one year in facilities whose opera- 
tion must make enough to replace 
themselves, must help in expanding 
your company still further, and must 
provide a profit. 

What a challenge! 

It is the biggest single job on the 
economic front today. It demands 
all our knowledge, all our know- 
how, our best good will and our 
willing cooperation. 
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TABLE 1. U. S. PETROLEUM COMPANIES’ CAPITAL ASSETS, CAPITAL EXPENDITURES, AND CHARGE-OFFS 





Company 


Total For: 
1 5 Total capital expenditures ($1000) = t 2 
—— es ) ures 
$1 $1000 ——— ($1000) 
12-31-1955 1955 1954 1955 1956 est. 


Deprecia- 
tion 








Amerada. 
a Prichard 


est 


& Exp.... 
General American!? 
General Crude 
Gulf OW 
Hancock. . 

Honolulu 

Husky Oil 

Kerr-McGee 

Louisiana Ld. & Exp. 
acmilian Pet. 


South Penn Oil 
Southern Prod. 
Standard Calif. 
Standard Ind. 
Standard N. J. 
Standard Ohio 
Sun OW. . 

Sunray Mid-Con 
S Oil 


Texas Co. 

Texas Gulf 
Texas Pacific 
Tidewater 

TXL. 

Union of Calif. 
Union 0. & G. of La. 
Universal Consol. 
Utah Southern 
Warren Pet. 
White Eagle 
Wilcox 

Woodley 


Ses! | see rtstsee 


none 
3,401 


1956 est. 
115,091 38,649 «= 43,025 45,000 na 
39,927 $9,536 13,600 none 
24,763 3,308 A599 400 none 
98,061 11,130 none 
438,613 68,318 4,998 
5,098 1,169 

32,130 


_ none 
105,101 


1,000 


51,500 
117,400 
65,000 
338,000 
8,200 
195,000 
na 
86,700 
500 
none 936 99 604 579 na 
46,477 13 
7,322 oe = 
none 
6,300 2,682 — 


11,387 
none 


14,022 1,153 





TOTALS 18,212,696 1,724,874 


3,701,261 


21,447,573 2,244,006 3,791,905" 4,098,356" 4,915,551" _ 





Average of 63 289,090 27,379 


35,636 


58,750 340,438 60,189 65,053 78,025 





'This may include defe red charges and credits, etc., so is not an exact 
addition of the first 3 columns less Column 4, the long term debt. 

*This amount is included in Total Capital Expenditures. 

*This figure has been deducted from one in column to the left. Most figures 
include amortization of intangibles. 

‘Excludes intangible development cost which is expense on corporate books. 
*Year ending August 81, 1955. 

*Year ending June 30, 1956. 

‘Combined expenditures of Mid-Continent and Sunray. 





SU. 8S. Only. 

*Canada only. 

“Most companies include exploration costs. 
Some 1954 and 1955 figures are not given because company is new or has 
merged with another. 

“Year ending March 31, 1956. 

"Year ending June 30, 1955. 

“Now part of Gulf Oil. 

“Figures not given are estimated and included in totals. 





HIGHLIGHTS 
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Crude oil price reductions 
have been announced by two major 
companies in widely separated parts of 
the Mid-Continent and Rocky Moun- 
tain areas as most producers clamor 
for large and immediate price hikes. 
Stanolind Oil Purchasing Company de- 
creased prices offered in Cotton 
County, southern Oklahoma, by 10 
cents for a top price of $2.80. The 
same company has posted a top price 
of $2.83 per barrel for crude from 
all Wyoming fields, down from the 
previous price of $2.90. Sohio Pe- 
troleum Company is reducing the price 
paid for Illinois, Indiana and Kentucky 
crude oils by 10 cents a barrel. Both 
purchasers contend that the adjust- 
ments are to meet competitive condi- 
tions. 

* £58 


Nearly 4,000,000 new cars 
must be purchased annually to replace 
old ones that must be scrapped. The 
number of autos leaving the nation’s 
highways has been rising steadily for 
the past few years. In 1950 less than 
3,000,000 cars were being junked. Last 
year the salvaged cars numbered about 
3,750,000. 

ee 3 


Support of education has been 
given a new twist by Socony Mobil Oil 
Company. The company is awarding a 
professorship grant in nuclear science 
at Princeton University valued at $17,- 
000 a year. The stipend will provide a 
salary of the incumbent as well as pay 
for research expenses incurred by him 
or the university relevant to the pro- 
fessorship. 

e: we 


Medical insurance plan has 
been advanced by Continental Oil 
Company for additional benefit of its 
employees and their families. The plan 
provides additional coverage against 
heavy expense of prolonged illness, go- 
ing into effect when employees’ hospi- 
talization programs have been ex- 
hausted. The company counts 7925 
employees in the new plan, represent- 
ing more than 92 per cent of those eli- 
gible to enroll. 


a le 


Proposed merger legislation 
could result in the delay of normal 
transactions in the oil business, spokes- 
men of the Texas Independent Produc- 
ers and Royalty Owners contend. A 
Senate subcommittee on anti-trust and 
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monopoly legislation recently framed 
a bill that would provide a studying 
period before certain mergers could be 
effected. The group contends that oil 
operators would never know their posi- 
tion when dealing in lease sales and 
farm-outs. TIPRO went on record in 
its April meeting as opposing the Celle: 
Bill, which it says would not accom- 
plish the intended purpose of strength- 
ening necessary anti-trust laws. 


— = = 


Industrial hopes of Puerto Rico 
industrialists admittedly lie in the fu- 
ture of the island’s two oil refineries 
and a new ammonia plant. Many are 
looking forward to production of in- 
termediate chemicals as a result of 
existing plants and hope for more over- 
all industrialization and chemical in- 
dustry growth in the future. Puerto 
Rico may be expected to profit from the 
oil fever exhibited in nearby Cuba and 
oil exploration now being actively con- 
ducted in smaller islands to the south. 


~*~ * * 


More gasoline taxes coming, 
say many experts. At present all states 
and more than 300 cities and counties 
are getting revenue from the sale of 
motor fuel. Fifteen states have hiked 
the levy in the last two years and nearly 
all have or are considering additional 


measures. 
* * * 


Proposed Italian legislation 
affecting oil producers seeking conces- 
sions in Italy may soon be clarified. Al- 
fons B. Landa, chairman of the board 
of Reiter-Foster Oil Corporation, New 
York, is now in that country conferring 
with several governmental officials on 
the subject. Reiter-Foster is interested 
in exploring foreign oil fields, says 
Landa. 

oe & 


“History of Petroleum Engi- 
neering” is a new book now being com- 
piled by the API's division of produc- 
tion to tell the story of the American 
development through petroleum engi- 
neering and science that have contrib- 
uted to economy and efficiency in drill- 
ing and producing oil. The book is 
being edited by E. L. Estabrook, a pio- 
neer in petroleum engineering, who 
will coordinate data assembled by a 
committee headed by D. V. Carter, 
Magnolia Petroleum Company. Publi- 
cation of the book is planned early in 
1957. 


Navy would run oil shale re- 
search plant owned by the government 
at Rifle, Colorado, if permitted, Con- 
gressman Wayne Aspinall of Colorado 
has told a Senate appropriations sub- 
committee. Naval Petroleum Reserve 
was just recently denied permission to 
conduct oil exploration on San Nicho- 
las Island off California. Interior De- 
partment’s Bureau of Mines has spent 
some $117,000,000 on the oil shale 
project since 1946. NPR officers say 
that $500,000 is needed to protect the 
government's investment in the pro- 


gram. 
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Fifth World Petroleum Con- 
gress will meet in New York’s new 
Coliseum in 1959. Officers of the con- 
gress are already predicting an at- 
tendance of 5000 oilmen from 30 na- 
tions for the meeting still three years 
away. C. Eugene Davis, recently re- 
tired vice president of Shell Oil Com- 
pany has been chosen general secretary 
of the congress. The Fourth World 
Petroleum Congress met in Rome last 
year. 

=, ae 

Oil and gas leasing on all fish 
and wildlife refuges has been stopped 
by the Interior Department until a 
thorough study of several controversial 
leasing problems have been solved. 
“Controlled” commercial oil leasing 
rules were set up in December 1955, 
which allowed leasing on 252 of the na- 
tion’s 264 fish and game preserves. 
Democrats and some conservative 
groups protested the previous schedule, 
claiming that this had encouraged oil 
exploitation on the refuges. Statistics 
show, however, that only six leases have 
been issued since the December ruling. 


ae ae 


Oil and gas holdings of Hous- 
ton Oil Company or Texas have been 
formally transferred to the Atlantic Re- 
fining Company, marking one of the 
largest cash transactions ever made in 
the oil industry. The payment of 
$200,000,000 concluded more than 18 
months of negotiations between the 
two companies. 

Houston received $73,500,000 di- 
rect from Atlantic and $125,000,000 
from an investment group headed by 
the Chase Manhattan Bank of New 
York. Fate of a subsidiary pipe line 
company, the Houston Company of 
Texas, also acquired by Atlantic in the 
deal, has not been decided. 
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Through the Peerless method of mist extraction, the gos 
is stripped dry long before reaching the end of the vanes 


FOR FURTHER INFORMATION ON THE USE 
OF PEERLESS LINE SEPARATORS PLEASE 
WRITE FOR NAME OF NEAREST PEERLESS 
ENGINEER. 
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Death of Singer B. Irelan, a 
director of Cities Service Company and 
president and director of Cities Service 
Oil Company came on June 18, follow- 
ing a brief illness. His company direc- 
torships and presidential posts are nu- 
merous, and his industry organization 
affiliations and merits are endless. He 
had been associated with Cities Service 
since 1909. 


x* *«* * 


Texas Company’s purchase of 
Trinidad Oil Company, Ltd., has been 
agreed on by British government of- 
ficials in principle. Harold Macmillan, 
Chancellor of the Exchequer, has 
denied parliamentary charges of a 
“sell-out” of British interests to the 
U. S. Most Britishers have opposed the 
sale, although most would welcome the 
dollar value of the $176,000,000 sale. 


x* * * 


Gasoline service stations had 
retail sales totaling $10.7 billion dol- 
lars, an increase of 66.1 per cent from 
1948. This increase came with an in- 
crease of only 11 per cent in the num- 
ber of establishments. In 1954, the sta- 
tion count was 181,747. 


Oe, le 


Merger plans between W. R. 
Grace and Company and the Cosden 
Petroleum Corporation have been 
dropped because Cosden’s proved oil 
reserves were found to be lower than 
the minimum 17,765,000 bbl stipulated 
in the merger agreement according to 
a joint agreement by the two compa- 
nies. Original price worekd out was 
about $50,000,000. 


e .2 


“Detroit Case’’ debate isn’t 
dead yet. A drive is on again to repeal 
the Supreme Court's decision, through 
Senate Bill eleven. President Eisen- 
hower is expected to approve the bill. 


Fuel import bill for Europe is 
constantly increasing. Imports, which 
provided 20 per cent of its coal and oil 
last year is expected to increase two 
and one-half times by 1975, one source 
predicts. U. S. oil companies may ex- 
pect to get a lion’s share of the in- 
crease Net import bill last year, for 
fuel, was $1,900,000. 


oS. ¢@ 


Escrow legislation is being 
prepared as the key to an urgent effort 
to prevent a threatened drilling shut- 
down in a wide area of Louisiana tide- 
lands. It was estimated that cessation 
of drilling in the region under dispute 


would idle most rigs operating off ~ 


Louisiana, throwing as many as 6000 
persons out of work. The Interior De- 
partment had suggested that a state 
and federal agrement to place funds 
from a disputed zone in escrow could 
lift a Supreme Court ban on leasing 
or “new” drilling in that area. 


=. 2 


Oil remains to rank as the 
number one paying manufacturing in- 
dustry, recent reports of the Bureau of 
Labor Statistics states. In March, ac- 
cording to the survey, petroleum re- 
finery workers averaged $106.92 per 
week for an average of 40.5 hours. The 
average for manufacturing industries 
is about $79. 


ee 


Independent Oil Producers 
Agency, a San Joaquin Valley associa- 
tion of approximately 100 members 
headed by L. P. St. Clair, is opposing 
the proposed California oil and gas 
conservation act as a “thinly veiled 
attempt by major oil importing com- 
panies to force independent oil opera- 
tors out of business under the guise of 
conservation.” California independ- 
ents produce 45 per cent of the state’s 
oil without waste, the resolution stated. 
Meanwhile, the battle over the pro- 
posed legislation continued. 
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Our Mistake! On the Pipe Line Microwave Map inserted as a special sup- 
plement to the May Issue of PE's Oil and Gas Pipelining Edition, one of those 
terrible last minuts errors crept in... the last two lines of the legend were incor- 
rectly given. Systems operating in the 2000 mc band are represented on the map 
with @ SOLID line and the 6000 mc band systems are shewn with LONS DASH 
lines. It should look like this (cut owt and paste over the incorrect legend on your 


LEGEND 


Systems operating in the 960 mc band 
Systems operating in the 2000 me band 
Systems operating in the 6000 me band 





Meetings 





Aug. 16—API O1IC Steering Committee, 
API Board Room, New York City, New York. 

Aug. 20-Sept. 7—Short Course in Colloidal 
Phenomena in the Petroleum Sciences, 
Lovisiana State University. Baton Rouge, Lov- 
isiana. 

Aug. 23-25—Alberta Society of Petro- 
leum Geologists, 6th annual field con- 
ference, Calgary, Alberto, Canada. 

Sept. 5-7—Wyoming Geological Associa- 
tion, 11th annual field conference, Jackson 
lake Lodge, Moran, Wyoming. 

Sept. 6-7—American Petroleum Institute, 
Oil Industry Information Committee, Conrad 
Hilton Hotel, Chicago, Illinois. 

Sept. 7-8—Assoclation of Desk and Der- 
rick Clubs of North America, 5th on- 
nual convention, New Orleans, Louisiana. 

Sept. 9-12—American Institute of Chem- 
ical Engineers, William Penn Hotel, Pitts- 
burgh, Pennsylvania. 

Sept. 10-14—International Congres: on 
Catalysts, Betlevue-Stratford Hotel, Philo- 
delphia, Pennsylvania. 

Sept. 11-13—Pacific Coast Gas Associa- 
tion, annual meeting, Coronado, California. 

Sept. 12-14—National Petroleum Associa- 
tion, annual meeting. Traymore Hotel, Atlan- 
tic City, New Jersey. 

Sept. 12-14. Third Annual Electrical Con- 
ference of the Petroleam Industry, 
sponsored by American Institute of Electrical 
Engineers and Kansas City Section of AIEE, 
Kansas City. Missouri. 

Sept. 16-18—Pennsylvania Petroleum As- 
sociation, annual meeting, Pocono Manor 
Inn, Pocono Manor, Pennsylvania. 

Sept. 16-18—-New Mexico Petroleum In- 
dustries Committee, annual meeting, 
Hilton Hotel, Albuquerque, New Mexico. 

Sept. 16-21—-American Chemical Society, 
130th annual meeting, Atlantic City, New 
Jersey. 

Sept. 16-22—-American Society for Test- 
ing Materials, Pacific Coast meeting, Hote! 
Statler, Los Angeles, California. 

Sept. 17-21—-Instrument Society of Amer- 
lea, annval, Instrument-Automation Confer- 
ence and Exhibit (International), New York 
Coliseum, New York City. 

Sept. 20-21—-Mid-Continent Oil and Gas 
Association, la.-Ark. division membership 
meeting, Roosevelt Hotel, New Orleans, Lou- 
isiana. 

Sept. 20-21—Western Petroleum Refiners 
Association, regional technical-industrial 
relations meeting, Hotel Henning, Casper, 
Wyoming. 

Sept. 23-26—American Society of Me- 
chanical Engineers, 1956 petroleum me- 
chanical engineering conference, Statler 
Hilton Hotel, Dallas, Texas. 

Sept. 26—American Petroleum Institute, 
Executive Committee of the Board of Directors, 
Greenbrier Hotel, White Sulphur Springs, 
West Virginia. 

Sept. 26-28—American Institute of Min- 
ing, Metallurgica! & Petroleum Engi- 
neers, Rocky Mountain mineral conference, 
Newhouse Hotel, Solt Lake City. 

Oct. 1-5—American Institute of Electri- 
cal Engineers, Morrison Hotel, Chicago, 
IMlinois. 

Oct. 2-3—Texas Mid-Continent Oil & Gas 
Association, 37th annual meeting, Rice 
. Hotel, Houston, Texas. 

Oct. 2-4—National Association of Corro- 
sion Engineers, South central! region, Beau- 
mont, Texas. 

Oct. 7-9—American Association of Oil- 
well Drilling Contractors, 14th annvo! 

ting, Texas Hotel, Fort Worth, Texas. 
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services for the oil industry 


A SERVICE SUBSIDIARY OF THE DOW CHEMICAL COMPART 





Another step ahead in Marsh Gauges: the new Marsh 
“Safecase”’. Down to the final detail this gauge is de- 
veloped for those applications where an unexpected surge 
of heavy, explosive over-pressure can occur. 


In the “Safecase” a solid metal barrier protects 

the entire face. But, still more important, the entire 

back of the gauge is a thin, ductile plate, designed to 

open out when subjected to abnormal pressure. Back plate 
is held firmly to the case by two holding screws and 
cannot be dislodged by a pressure blowout. 


In exhaustive tests it has never been possible to 

shatter the crystal or create any other dangerous condition 
in a “Safecase”’ gauge with its safety-release back. 

The accompanying illustration shows the result of one 

of a series of tests in which blank cartridges 

were fired in the back of the case without 

even breaking the crystal. Think what that 

means in safety to operating men! 


Yes, an important development . . . but 
merely the kind you would expect from 
the manufacturer who originated the 
“Connoweld” tube, the “‘Marshalloy” 
case, the Mastergauge movement 

and practically all of the major 
advancements in pressure gauges. 

Ask for up-to-the-minute 

information. 


MARSH INSTRUMENT CO. 
Seles offilicte of Jas! P. Marsh Corp. 
Nept. M, Skokie, Ill. 
HOUSTON BRANCH PLANT: 

1121 Rothwell St., Sect. 15, Houston, Texes 
Marsh Instrument & Valve Co. (Canede) Ird., 
8407 103rd St., Edmonton, Alberta, Canede 


Pressure of explosive force 
merely opens out safety back 


Instead of depending on blow-out plugs, entire back of 
Safecose Gauge is designed to yield tu over-pressure. Photo 
at left shows octuol result of firing cartridge within back of case. 
Safety-release bock exhausted pressure. Front remained intact. 
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Reduce Down-Time Costs 
with ROCKWELL-Nordstrom VALVES 


The two most common valve problems that 
cause excessive down-time costs are seat failure 
leakage) and wear. Performance records in thou- 
sands of refineries prove that Rockwell-Nordstrom 
valves cut down-time costs because they stay 
leakproof and wear longer in service than any other 
valve. In Rockwell-Nordstrom valves, seat areas 
are never exposed to corrosion and positive shut-off 


is assured by pressurized lubricant sealing. Lubri 
cant also eliminates costly metal-to-metal friction. 

Rockwell-Nordstrom cost no more to buy, often 
less, than ordinary valves and are available in a 
complete range of sizes and pressure ratings 
Write today for more information: Rockwell Man- 
ufacturing Company, Pittsburgh 8, Pa. Canadian 
Valve Licensee: Peacock Brothers Limited. 


ROCKWELL-Nordstrom VALVES 


Lubricant Sealed for Positive Shut-Off 


40th YEAR Of lubricated plug valve leadership 
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PRODUCT PROTECTION 


as you've never known it... 


with the new GILBARCO AUTOMATIC SAMPLER 


Truly representative samples are 
the first requisite for precision 
quality control. Such samples are 
now cttainable with this compact, 
completely automatic Sampler. 
Electronically controlled and mag- 
netically powered, it can take 
as many as 300 increments per 
minute for the greatest possible 
accuracy. 


TAKE ADVANTAGE OF THESE IMPORTANT FEATURES 


@ No packing glands, no leakage 

@ No electric motor or mechanical switches 

@ Easy to install and service 

@ LOW initial cost... LOW maintenance cost 

@ Samples proportional to time or flow 

@ Explosion proof... no pressure relief valves needed 
@ Frequency range from 20 to 300 cycles per minute 


@ No hold-up time from pipe line to sample receiver, because 
Gilbert & Barker Mfg. Co., 


a portion of the stream is bypassed through the sampler. 
West Springfield, Mass. 


Get full particulars on the New Automatic Sampler vosaeta, Gasete 
before you buy any other unit. 
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Butane is stored under pressure to prevent 
it from disappearing into the atmosphere. 
Hortonspheres™, designed to withstand 
internal pressure, will tame this exceedingly 
volatile hydrocarbon. No vapor can escape 
as long as the internal pressure does not 


exceed the setting of the pressure relief valves. 


Hortonspheres are built in standard capacities 
to 30,000 bbls. and for pressures up to 
217 Ibs. per sq. in. in the smaller sizes. 
Write our nearest office for further information. 
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23 YEARS EXPERIENCE 


FORGED ALLOY STEEL 
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FIGURE 500 2-PIECE BLANK CAPS 


DEPENDABILITY - SAFETY - ECONOMY - 


“MANUFACTURERS OF EVERY TYPE CF OIL INDUSTRY UNION" 
Distributed by: 


YALE SALES COMPANY 
HINGED P. O. Box 10192 Telephone ME 5-6418 Houston, Texas 
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ANY WAY 
YOU LOOK 
> 


IS YOUR 
BEST BUY 


IN DESALTING 


Petreco Electric Desalting has been used 
by more refiners, for more years, than any 
other desalting process. Petreco desalters 
have successfully treated every type of 
crude charged to them in refineries all 
over the world. They are delivering zero 
to very low residual salt content charging 
crudes to refineries in the tropics as well 
as in the icy temperatures of Canada. 
Petreco service engineers, located in every 
area where Petreco units operate, consti- 
tute the largest trained group of desalting 
experts in the world. Petreco offers a selec- 
tion of equipment suitable for desalting 
any volume of oil, large or small. There is 
a choice of purchase arrangements. 


For complete information, write or call — 


PETRE<O 


A DIVISION OF PETROLITE CORPORATION 


3202 So. Wayside Drive, Houston 1, Texas 


236-5 1390 E. Burnett Street, Long Beach 7, California 
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WHAT DO YOU LOOK FOR IN PIPELINE VALVES? 


Positive Shut-Off? 


Rockwell-Nordstrom valves are lubricant sealed for posi- 
tive, continuous shut-off on heawy crudes or light gases. 


Fast Operation? 
Rockwell-Nordstrom valves close with just a quarter-turn. 
Pressurized lubricant makes operation smooth, easy .. . 
jacks the plug for instant operation. 


Clean Design? 
, Rockwell-Nordstrom valves have no bonnet or body cavities 
to collect valve jamming sediment. Flow is clean as a 
whistle . . . minimum pressure drop. 

Low Maintenance? 
Rockwell-Nordstrom valves have no exposed seats to wear 
out . . . lubricant reduces wear for longer life at lower cost. 


Versatility ? 
Rockwell-Nordstrom valves are available in sizes to 30”, 
API ratings to 10,000 lb. They can be ordered with wrench, 
gear or power operators to fit any need. 


Low Cost? 
Rockwell-Nordstrom valves cost no more to buy than 
ordinary valves. And they stay reliably on stream at lower 
cost than any other valve. 


You get all the performance and economy you look 
for in pipeline valves when you specify “Rockwell- 
Nordstrom.” Get the complete story from your nearby 
supplier, or write Rockwell Manufacturing Company, 
Pittsburgh 8, Pa. Canadian Valve Licensee: Peacock 
Brothers Limited. 


ROCKWELL-Nordstrom VALVES 


Lubricant Sealed For Positive Shut-Off 


40th YEAR of lubricated plug valve leadership 


THE PETROLEUM ENGINEER, July, 1956 





eit CAUGHT ON 
AND KEEPS ON 
GAINING 





MANUFACTURERS AMD ERECTORS SINC EUL OTS : 





PRopycts * 
*Ouston. rerd 
- 


ay 


1 desalting 
results 


».. @ foregone conclusion at Esso's Bayway Refinery 


is one of the recent additions to the Esso 
Standard Oil Company Refinery at Linden, 
New Jersey. 

With equipment such as this, plus the 
familiar blue barrels of Visco, outstanding 
desalting are a foregone conclusion. 

Visco, in either electrical or salt settling 
equipment, still provides the consistently 
eficient — and eggnomical — chemical solu. 





tion to the problem of greater throughput 


_ Specific information on your particular 
‘aden cate readily available through 
your Visco Representative, or contact Visco 
direct. 


VISCO PRODUCTS CO 
INCORPORATED 
2600 Nottingham at Kirby Houston 5, Texas 
Telephone: MAdison 3-0433 


4 
Law CONSISTENTLY EFFICIENT OiL INDUSTRY CHEMICALS 
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ELIMINATE EXPENSIVE REPLACEMENTS 


INSTALL FLANGES 
THE WELD NECKS 
FINEST FITTINGS 


The economy of perfection—saves money, time, and 
trouble—with the installation of OTM’s Blue Ribbon 
flanges, weld necks, welding fittings, and ring gaskets 
The most modern electronic inspection methods guar- 
antee absolute perfection 


OTM perfection is backed by the most comprehensive 
guarantee in the industry—so you are assured that no 
flaw exists—and that each and every Blue Ribbon 


product is perfection itself 


If it’s not absolutely flawless it’s 
not a BLUE RIBBON flange! 


CORPORATION “4 uu” : 


P. O. Box 4625 © Phone CA 2-7293 
Houston 13, T 


ODESSA 
1311 W. 2nd Street 
" Phone 6-6412 
» WEW ORLEANS: ps Cubes Towers 
Phones: “TUlane-8002 
NEW YORK, WN. Y. 
DALLAS 
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STITT two producing wells and you 


can begin using the bank’s money... If you 
haven't tried it yet, here is the way to get... 


P 923.41 
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Your First Oil or Gas Loan 


lr is a momentous occasion when an 
independent operator makes his first 
oil or gas discovery and realizes he is 
faced with considerable development 
calling for a substantial outlay of capi- 
tal funds. Usually, he arrives at this 
point through many adversities but 
still with an abundance of enthusiasm 
and short of cash. He then begins to 
consider his future objective. Should he 
sell out providing he can qualify under 
a long-term capital gain in computing 
his Federal taxes? A good cash posi- 
tion is mighty tempting, but he knows 
that it may be a long pull before he 
can find a property as potentially at- 
tractive as the one he has discovered. 

Or would it be wise to let someone 
else carry the burden of development 
and give him a share of the net profits 
after the operator has retired his capi- 
tal and operating costs? Net profits can 
be long deferred depending upon the 
rate of development and the allowed 
rate of production. Perhaps an over- 
riding royalty might be tacked onto the 
trade for walkaround money until the 
net profits materialize. 

There are lots of ways to make a 
trade on an oil or gas property in the 
early stages of development. There are 
always plenty of prospective purchas- 
ers on hand, particularly if the poten- 
tialities of the property are promising. 

Your average operator is a tenacious 
optimist. That is the reason he is in the 
business and will take speculative risks. 
Now that he is developing production, 
however, he is moving into the cate- 
gory of a good financial risk. So opti- 
mism still prevails and off he goes to 
see a banker about his first oil or gas 
loan. 


Must Have Two Wells 

What will be the initial requirements 
before the banker will consider mak- 
ing an oil or gas loan? First, he must 
have two producing wells and an actual 
or assured market for his production. 
The wells must be of similar quality 
and the preponderance of value must 
not be in one well. 

This is a practical consideration be- 
cause of the possible mechanical failure 
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E. M. Reed 


of one well or its premature depletion 
due to the limited knowledge initially 
available regarding reservoir condi- 
tions. This to some extent ties into the 
bank’s loan limitation, which usually 
does not exceed 50 per cent of the pres- 
ent worth of the producing property. 
The present worth is an estimate of the 
future operating profit to be obtained 
from the currently producing welis dis- 
counted at a selected interest rate to 
bring future net income down to a 
present-day value before Federal taxes. 

This is a financial principal and is 
not a hazard factor. Any net income to 
be realized at some future date does 
not have an equivalent present-day 
value. For example, you buy a United 
States Savings Bond with a future 
value of $100 for $75 today. 


Need Financial Statement 

Your banker will ask you for a finan- 
cial statement listing your assets and 
liabilities. This is a way of getting ac- 
quainted and gives your banker know- 
ledge of the prospective customer's 
prior business activities, which may be 
as essential as an analysis of his 
collateral. 


Records Required 

Now let us consider that the opera- 
tor will approach a bank that has a 
technically staffed oil and gas depart- 
ment. What records will they require? 
Depending upon the type of operation 
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he is conducting, it is suggested the 
items available in the following list be 
presented to the banker at the initial 
discussion: 


1. Assignment to you of interest 

involved. 
Monthly production runs and 
income. 
Title opinion or equivalent. 
Division order. 
Initial well completion data. 
Allowed rate of production. 
Current well operation per- 
formance. 
Open-fiow volume tests of gas 
wells. 
Bottom-hole pressure surveys. 
Core analyses. 
Electric logs, micrologs, etc. 
Well surveys for deflection. 
Operating agreement. 
Unitization agreement. 
Gas sales contracts. 
Geological structure map. 

17. Valuation report (if available). 


Having good record information on 
each one of your wells and the prop- 
erty always creates a favorable impres- 
sion. Have an estimate of your finan- 
cial requirements and what disposi- 
tion you are intending to make of the 
funds you are proposing to borrow. 
This will meet with a receptive atti- 
tude and the desire to work out your 
financial problems regardless of the 
amount involved. 

Inadequate records coupled with a 
request of “How much can I get” can 
hardly make a favorable impression on 
a seasoned banker who has spent many 
years solving financial problems. You 
are essentially asking your banker to 
enter into a limited partnership with 
you whereby with his financial help 
you will realize a profit far out of pro- 
portion to the bank’s interest earnings 
on your loan. 

Oil and gas loans are self-liquidating 
and are sought after by oil and gas- 
minded banks. The latter are always 
on the lookout for an applicant who 
may have those attributes of char- 
acter that may be indicative of future 
growth into a highly valued customer. 
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Now You Have a Loan 

Now let us consider that an opera- 
tor with two oil producing wells has ar- 
ranged a loan. The bank takes a deed 
of trust and assignment of runs on his 
property. These instruments are filed 
for record in the county in which the 
property is located. After a satisfac- 
tory title opinion has been rendered to 
include the bank’s deed of trust, the 
applicant will receive his loan. 

This often occurs before the crude 
purchasing company, which is finan- 
cially responsible, begins paying for the 
oil it has been running. It may be oc- 
casioned by the more extensive title 
examination, which covers all interests 
in the property. After this has been 
completed, the division order designat- 
ing the record interest of each owner 
must be circulated for their acceptance 
of the indicated interest. The pur- 
chasing company will then release the 
cumulative income to the respective 
owners and if the bank’s name appears 
as mortgage holder of an interest, the 
funds will be sent to the bank. 

Otherwise, if the income is being re- 
leased to the borrower, the bank will 
request that a transfer order be issued 
naming the bank as payee. This and 
subsequent discussions will be confined 
to general practices and will omit the 
various other methods of procedure as 
influenced by expediency or customer 
relationship. All reference to legal pro- 
cedure relates to Texas. There are 
some variations in other states — 
notably in Louisiana. 

Terms of Loan 

The loan agreement will usually pro- 
vide for the application of a certain 
percentage of the monthly income to 
principal and interest, or a minimum 
monthly payment, or whichever is 
greater. All notes must have a definite 
maturity and the latter performs this 
requirement. The note may have a 
dated maturity, and a fixed monthly 
payment may be acceptable in certain 
cases. Direct receipt of the monthly in- 
come from the crude purchaser by the 
bank permits early application of the 
agreed amount to principal and in- 
terest, thus effecting some saving in in- 
terest charges. The balance is credited 
to the customer’s account. His run 
statement together with a letter indi- 
cating the amounts applied to principal 
and interest and a duplicate deposit 
slip are mailed to him. 

Now we have considered an initial 
loan on a customer's interest in two 
oil-producing wells on a property where 
additional development is anticipated. 
The bank's deed of trust provides for 
a future debt clause under which it can 
make additional loans on the property 
as new wells are completed providing 
the bank can maintain its desired loan 
margin on the property. 
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Additional Loans 

As development progresses and the 
loan margin on the property is ade- 
quate, the bank will advance funds for 
small wells or dry holes or for other 
uses not identified with the property 
mortgaged to the bank. Since the bor- 
rower will apply a percentage of his 
gross income for amortization of his 
loan in excess of the percentage of the 
present worth loaned on his property, 
the bank will gain in its loan margin 
providing the future oil reserves do not 
require any subsequent downward re- 
vision as occasioned by adverse oper- 
ating conditions other than normal de- 
pletion. This allows for so-called “re- 
peat business.” 

Additional loans can, therefore, be 
made within the required loan margin 
for exploratory operations or even the 
development of other properties. As 
long as the loan requirements of the 
customer can be met by maintaining 
the desired margin in the existing se- 
curity, it is not desirable to burden him 
with additional legal expense by tak- 
ing new collateral. 

The payout of a loan is usually con- 
fined within a five-year period by com- 
mercial banks; however, on excep- 
tional properties this may be extended 
for longer periods. The operator who 
confines his loan to shorter payouts 
will find his position more secure in 
an economic decline. This is also true 
should it be necessary subsequently to 
reduce his oil or gas reserve as in- 
fluenced by operating data not initially 
evident other than actual depletion. 


Loans on Gas Production 

The foregoing remarks are equally 
applicable to gas production. Your 
banker will be particularly interested 
in the type of gas sales contract you 
have negotiated on your property. Ob- 
viously, this must be with a financially 
responsible company. A long-term gas 
purchase contract is usually desirable, 
and a price for the gas must be indi- 
cated. Although your contract may pro- 
vide for future price increases for the 
gas, usually this will be ignored under 
present conditions. Of particular in- 
terest will be the guaranteed gas-take 
or pay-provision of the contract. 

Of more importance, however, is the 
available market of the purchasing 
company and the expected annual 
(seasonal) gas take or the monthly 
average for a year. Gas takes may be 
subject to sharp seasonal fluctuations. 
The assured rate of annual production 
is particularly important where the 
gas carries a high liquid hydrocarbon 
content as the latter will not be covered 
under a take or pay provision for gas. 


Evaluation Report 


Let us now consider that the opera- 
tor will deal with an oil and gas-minded 


bank that does not maintain a techni- 
cal staff but which has seasoned loan 
officers experienced in oil and gas 
financing. The bank will require an 
evaluation report by a recognized ap- 
praiser and probably one of its own 
choosing. 

The report should give the future 
net profit to be realized, often re- 
ferred to as the net realization or op- 
erating profit before Federal taxes. The 
appraiser will usually discount the 
property at a selected interest rate to 
arrive at a present-day value or present 
worth; otherwise, this will be left to 
the discretion of the banker. 

The report should give a forecast of 
future income, and this is particularly 
important where a decline of income 
is occasioned by a natural decline of 
production, which would affect the re- 
payment of the loan. The rate of future 
income is also used as a basis of dis- 
counting at a selected interest rate to 
arrive at a present-day value. 

Where the property has several hori- 
zons, the evaluation should segregate 
those currently being produced. Po- 
tentially productive horizons behind 
the pipe usually do not represent any 
dependable loan value unless they are 
related to a unit reservoir and would, 
therefore, be considered as contributing 
to the current production. 

Potentially productive horizons, if 
evaluated, should be segregated. These 
horizons may be subject to offset drain- 
age where the operator may elect to 
produce from certain horizons with the 
expectation of capturing the remain- 
ing reserves in the other horizons after 
the depletion of the ones currently be- 
ing produced. Drilling of additional 
wells to these other horizons would 
not be economically feasible. Cased-off 
horizons may appear promising on the 
initial drill stem tests but sometimes 
when placed on production, although 
not affected by prior drainage, may be 
disappointing. 

Cther Loans 

The foregoing discussion is confined 
principally to the operator’s procedure 
in financing his first working interest 
in an oil and gas property. As he grows, 
he may need other financial assistance. 
With casing in short supply, he may 
want to stockpile it for the develop- 
ment of the property. The construction 
of a pipe line may be essential for ¢ 
more favorable market outlet for his 
production. Then he may eventually 
want to buy a producing property, and 
taxwise it may be desirable to purchase 
it through the so-called oil payment 
route. Your experienced oil and gas 
banker stands ready to solve these and 
many other financial problems of the 
operator who is supplying the source 
of energy so essential to our nation’s 
economy and security. x*** 
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Nation's oil monopoly ENAP needs even faster growth to catch up with rising demand 


John S. Barwick 


W ITH a consumption of 35,000 bb! 
a day, Chile, through its government 
oil company, is working intensely to 
increase production and provide crude 
oil for refineries. 

Chile’s largest known sedimentary 
area occurs in Magallanes Province, 
near the southern tip of the 2700-mile 
long country, in the only part of the 
country which is east of the Andes 
Mountains. The Magallanes Basin in- 
cludes parts of Magallanes Province, 
and of the adjoining provinces in Ar- 
gentina. It is a geological feature which 
contains, in its deeper parts, more than 
30,000 ft of Tertiary sediments, and a 
similar thickness of Cretaceous sedi- 
ments. This basin parallels the Andes 
Mountains; its mountainward south- 
western side is very strongly folded 
and faulted. The thickness of sediments 
and the degree of folding and faulting 
decreases rapidly away from the moun- 
tains. In the northeast corner of Magal- 
lanes Province, close to the Atlantic, is 
the Springhil) Platform, a shelf area in 
which the sec iments dip gently south- 
west ward. This feature also extends in- 
to the adjoining Argentinian provinces. 

During the middle 1920's, geologi- 
cal investigations were made in Chile 
by several foreign oil companies, some 
of whom applied for concessions. How- 
ever, in 1927, the government national- 
ized the oil and gas rights, and assigned 
all oil and gas exploration to a govern- 
mental bureau, the Departamento de 
Minas. From 1928 to 1942, the De- 
partamento conducted geological sur- 
veys and drilled a few unsuccessful tests 
for oil. 

In 1942, responsibility for the search 
for oil and gas was turned over to the 
Corporacion de Fomento de la Pro- 
duccion. This governmental agency had 
already been successful in stimulating 
agricultural production and in increas- 
ing output of electrical energy. 

The Corporacion de Fomento was 
under direction of a group of Chilean 
engineers. It immediately began a train- 
ing program in the oil industry in the 
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pushes production 
and refinery runs 


United States for selected Chilean en- 
gineers; and soon after sought the ad- 
vice of U. S. petroleum geologists as 
to where exploratory work should be 
conducted. These geologists selected 
Magallanes Province, as had the 
Departamento de Minas previously. 

From the standpoint of easy opera- 
tions, Magallanes was a bad choice. 
Situated 1500 miles from the populous 
part of the country, it could be reached 
only by a boat trip which took about 10 
days from Valparaiso, or by train and 
bus across Argentina. The climate is 
rigorous: timberline is only about a 
thousand feet above sea level; glaciers, 
some of which flow into the sea, are 
common in the mountains; and strong 
southwesterly winds blow about 90 per 
cent of the time. 

In spite of these difficulties, in 1943 
CORFO initiated surface and seismic 
mapping in Magallanes Province, em- 
ploying experienced U.S. personnel, 
with Punta Arenas, the provincial capi- 
tal, as headquarters. In 1945, drilling 
began with equipment imported from 
the United States. A spudder drilled a 
“foothills” anticline on the mainland, 
and a rotary started up on a seismically 
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mapped structure in the grasslands of 
northern Tierra del Fuego. 

The first Tierra del Fuego test, later 
officially named “Cerro de los Manati- 
ales No. 1,” found oil below 7000 ft in 
December, 1945. 

With this lucky beginning, oil op- 
erations continued under CORFO. In 
June 1949, the government set up the 
Empresa Nacional del Petroleo, called 
ENAP, as a wholly owned subsidiary 
of CORFO, to take over all of the na- 
tion’s oil activities. 

Exploration activity has been con- 
tinuous under CORFO and ENAP. 
Surface geological mapping, which 
cannot be conducted during the winter 
due to climatic conditions, reached a 
maximum of 4 parties during 1952; 
there are now 2 parties in the field. 

At first, the parties had entirely U.S 
technical personnel. As the Chilean en- 
gineers and technical men _ received 
training and experience, they gradually 
completely took over this work. A 
micropaleontology laboratory, organ- 
ized by a U.S. micropaleontologist, a 
sedimentology laboratory, and a core- 
analysis laboratory were established 
Well-site and subsurface geology, at 
first handled by experienced geologists 
from the U. S.,-were also gradually 
taken over by Chilean geologists. 

Seismic work, initiated by a U.S. geo- 
physical contractor, has continued ever 
since, with Chileans taking over more 
and more of the work. The original 
contractor still supplies a few U.S. en- 
gineers in key positions. Three seismic 
crews are now operating. Gravity meter 
mapping was undertaken by Chileans. 
and has always been operated without 
U.S. personnel. 

Drilling activity has been gradually 
accelerated. The spudder which was 
brought to Magallanes in 1945 was 
soon found to be impractical for the 
area, and was shut down. A second ro 
tary joined the original one in 1947. A 
third rotary was added in 1948, a 
fourth in 1951, and a fifth and sixth in 
1952. All were of U.S. manufacture 
In 1953, the original rotary was shut 
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down; since that time, five rigs have 
been operating. 

All the drilling equipment is the 
property of the Empresa, and the drill- 
ing crews are composed of Chileans. 
Drilling supervision has been furnished 
en contract by U.S. drilling companies. 
Gradually improving drilling tech- 
niques has resulted in a steadily in- 
creasing footage per rig. 

The Manantiales field, the original 
field discovered in 1945, was developed 
in the years 1946 through 1950. A pipe 
line to Caleta Clarence, on Bahia 
Gente Grande, and loading facilities 
at that point, were completed in 1950 
and production began in that year. 

A gasoline plant at Cerro Mananti- 
ales was also finished, built by a U.S. 
contractor and operated by Chilean 
personnel under the guidance of U.S. 
supervisors employed by the Empresa. 
The plant includes a small refinery, 
which supplies the need of Magallanes 
Province. 

More intensive exploration drilling 
took place in 1950, immediately after 
Cerro Manantiales went on produc- 
tion. Two good oilfields, Cerro Som- 
brero and Victoria Sur, were dis- 
covered in that year. They were largely 
developed by 1953, and there was 
another wave of exploration drilling 
in 1953 and 1954. This time, the Rio 
Side, Cullen and Flamenco oil fields 
were discovered. The oil pipe line was 
extended from Manantiales to Som- 
brero and Victoria in 1954 and on to 
Rio Cullen area in 1955. 

All fields, both large and small, 
produce either from the basal Cretace- 
ous Springhill formation or from frac- 
tured rocks just below the Springhill 
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horizon. Manantiales, Victoria Sur, 
Sombrero, and Cullen produce from 
sand wedge-outs on the flanks of struc- 
tural highs. 

While most of the production comes 
from permeable sandstone, an appre- 
ciable part is from fractured non- 
permeable sandstone. Rio Side and 
Flamenco produce from fractures in 
hard, brittle pre-Springfield strata. 

The only Springhill zone production 
so far discovered on the mainland is 
at the Punta Delgada field, just a few 
miles from Tierra del Fuego. Toward 
the southwest, the Springhill zone dips 
down below drilling depth. In the 
deeper part of the basin, the nearest ap- 
proach to commercial production is 
the Tertiary gas well which was dis- 
covered at Manzano No. 1. 

The Empresa has built a seven-story 
office building and a large supply center 
at Punta Arenas, which is about 150 
miles from the oil fields. It has also 
built a considerable number of resi- 
dences for employees in that city. The 
government-owned airline, Linea Aerea 





EDITOR'S NOTE: Recent reports ore that the 
Chilean Government is planning legislation to 
open the country ovtside Magallanes Prov- 
ince to private industry, including foreign oil 
companies. 





























Nacional, now has daily plane service 
between Santiago and Punta Arenas, 
and between Punta Arenas and the oil- 
fields. 

From the start of production in 
1950 until late in 1954, the country’s 
oil production was sold to the Urugua- 
yan governmental agency, ANCAP, 
which transported it by tanker to its re- 
finery near Montevideo. The Empresa 
completed construction of a refinery 
in 1954 at Concon, just north of Val- 
paraiso in central Chile, and the 
Chilean production, which is now about 
10,000 bbl per day, is being shipped by 
tanker to Concon. 

The refinery, which has a capacity 
of 20,000 bbl, is refining about 18,000 
bbl daily. Its crude requirements above 
10,000 bbl are being imported, chiefly 
from Venezuela. The products are be- 
ing distributed in central Chile. Con- 
sumption in the country runs now 
about 35,000 bbl daily. 

To date ENAP has not seriously 
tackled the job of exploration in Chile, 
except for Magallanes Province. Re- 
sults of drilling indicate that the Chilean 
portion of the Springhill Platform con- 
tains enough oil to supply the country’s 
needs for a long time. ze 
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Seventh of a Series 





Communication: 


How can we write 


superior business letters? 


Dennis Murphy* 


Web be flabbergasted if a secretary came into our office, 
wearing hoop-skirts and button-shoes, wouldn't we? Yet our 
letter-writing may be as outmoded as old-fashioned clothes — 
without our suspecting it! Why not bring our letter techniques 
up to date, too? 


Letter-Writing Is a Skill 

We need special training in writing letters because busi- 
ness and industry impose special requirements upon us. 
Orders, sales solicitations, inquiries, complaints, adjustments 
— each has a different approach, its own appropriate vocabu- 
lary, and a special purpose. 

A business letter often deals with some technical subject: A 
piece of equipment, some point of law, a manufacturing proc- 
ess, or some short cut to economy. The writer must be able 
to make his reader understand quickly and correctly even 
while reading on the run. Knowledge of technical terms, with 
the ability to use them clearly, is a skill that has to be 
learned. 

Millions of dollars are lost annually in the oil business alone 
because of poor letters. And it’s the same in other businesses. 
One of the Hoover Commissions in 1955 estimated that our 
federal governmei t alone could save $75,000,000 each year 
by becoming more efficient in its correspondence! 


Short, Clear, Friendly Letters 
1. Get the job done quicker (primary aim) 
- Stimulate business 
- Build public goodwill 
. Promote private morale 
. Make friends everywhere 
. Make letter-writing easier 

Letters are indispensable tools in carrying on most busi- 
ness. Good letters are a vital asset and superior ones yield 
big dividends. So, the time and effort spent to improve these 
tools will bring greater profit from an increased volume of 
business and improved attitude toward the firm. 

Yet all this can never be done by condescending or talking 
down to a customer, by using exaggerated and insincere soft 
soap; by bragging, sermonizing, or name-calling; or by using 
words that antagonize a reader. One single antagonizing word 
can ruin an otherwise fine letter. And one bad letter-writer in 
a company can undo the work of about 50 good ones! 


10 Commandments for Better Letter-Writing 

Many excellent books and articles are appearing to help us 
improve this skill, yet there is so little that’s new on so old a 
subject. This article offers little except common sense. It 
merely tries to jog your memory with 10 commandments for 
superior letter techniques. Here they are: 


*Dr. Murphy is administrative assistant, Service Pipe Line Company. 
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1. MAKE YOUR LETTER LOOK ATTRACTIVE 


Frame it with plenty of white space, balance it with equal 
margins on both sides, and center it with about the same 
space at top and bottom. Double spacing is used for very short 
letters, but single spacing on smaller-size paper looks better. 

Too many letters look top-heavy without any reason. Place 
the body higher if there’s a long list of those to receive car- 
bon copies, and break this list into several even columns 
across the bottom of the letter to improve its appearance. 

If the letter is short, widen both margins — and lower the 
identification line a couple of spaces. If the letter is solid 
(hard for human eyes to dive into!), break it up into several 
short paragraphs. 

Use every device to make your letter easy on your reader's 
eyes! 


2. KEEP IT SHORT 


Why tire any busy person with needless words? Tell him 
exactly what he wants and needs to know; then end crisply 
without any recap. First, set up your main purpose; then treat 
its parts in order — without any repetition. Make every word 
count. 

Try to hold your letter to one page because it’s easier to 
read and file, but an occasional letter that runs over 300 
words will look better on two pages—or more. An ex- 
perienced stenographer can estimate a letter’s length from 
the space it takes in her notebook. 

Here’s a letter that turns brevity into an asset — under- 
statement: 





Dear Subscriber: 
Ahben! 


Cordially, 
THE PETROLEUM ENGINEER 


Hegel CreerDmege 


Royal Courtney 
Ciroulation Manager 


(Your subscription has EXPIRED) 














3. MAKE EACH LETTER AN INDIVIDUAL TALK 


In other words, be natural — just talk! Let your personal- 
ity and character carry over into the letter you tailor-make 
for each individual. Even in form letters this can be done to 
a certain extent. 

Never write to a blank wall — but to somebody. Imagine 
your reader seated across the desk from you; then write or 
dictate the kind of letter you'd like to receive. Make him feel 
that he’s important (for he really is!) and that he comes first. 

This is sound psychology. The psychological word for it is 
empathy, or “objectively putting yourself in someone else's 
place.” Empathy is not a sentimental emotion; it is a mental 
appraisal. And the real secret of effective letters, or communi- 
cation of any cther kind, is this Golden Rule! 

In addition to using imagination, here are minor ways to 
humanize your letters: 


1. Use the first person (plural we or singular /) rather than 
the third person it as your subject. Except for formal com- 
munications, this is the natural, democratic way of saying 
things. When a manager writes “We recommend” instead of 
“It is recommended,” he honors all those in his department 
who have anything to do with the research. 


2. Use contractions and earthy colloquial expressions. 
People like them because they make you sound a lot more 
human. 


3. Begin your sentences now and then with And, But, Yet, 
or So. The Bible is full of such sentences; so they’re reputable. 


4. End your sentence with a preposition if it’s the right 
word to end with. Your word order should always sound easy 
and natural. 


5. Use a short, fitting quotation now and then — if you 
can do it without sounding bookish. 


4. EMPHASIZE THE Y-O-U ATTITUDE 

Since every letter is a sales letter, our reader is our “cus- 
tomer”; he wants to feel valuable, needed, wanted. Everyone 
in the world is hungering for this tiny consideration. Yet how 
many letter-writers (even some supervisors and managers) 
blow about what they have done — while they tacitly tear 
down the other fellow and belittle his effort! Why frustrate a 
man? 

Permit me to digress. “To reduce man to nothing,” wrote 
Dostoevski, “give his work the character of uselessness.” 
Nothing annihilates a man quicker than to depreciate his 
efforts and ignore his capabilities. 

Human relations in business has one main purpose: To 
make employees feel this important sense of usefulness — of 
being necessary and wanted. Its goal is to make life more fun 
by making work more meaningful. There is nothing more 
paralyzing to either men or. machines than disuse. 

An application letter is one of the most important a man can 
write; yet most applicants fail to show how they can help, fit 
into, or benefit the firm they want to work for. Each writer 
is too busy tooting Ais own horn to consider his future em- 
ployer! No empathy. Selfishness. To find ourselves, we must 
first lose ourselves — in working, thinking, living for others. 

Years ago we were taught never to begin a sentence with 
the pronoun /. That’s a lot of hooey, of course, but overuse 
of the big-I will bore others. So, play yourself down; play 
your reader up. Tackle each problem-letter from your reader’s 
point of view first. 

“Thank you for your letter of June 20” is better than “/ 
have before me your letter of June 20.” And “Your account 
will receive prompt credit if you send a duplicate invoice” is 
better than “To help us keep our records straight please send 
us a duplicate invoice.” 


5. USE THE POSITIVE APPROACH 
Let's take the negative out of our letters and strike a posi- 


tive attitude. This may require a change in our mental out- 
look, but it will pay big dividends. Instead of “Unfortunately 
we cannot ship until May 12,” say “Your shipment will go 
out promptly on May 12.” 

Instead of saying “We fear your plan will never work,’ 
let’s say “We hope a more feasible plan can be found.” And 
instead of saying anything so negative as “We're sorry we 
have no opening and we cannot consider you,” we can use 
positive words something like these: “Your application is on 
file, and you will be considered when (if) an opening occurs.” 

Sometimes our letter has to be negative—a refusal or turn- 
down letter. But there’s no excuse for its being a blunt slap 
in the face. We can always say no firmly but gracefully and 
make even our refusal build more goodwill and respect for 
our company. How do we handle this letter-in-reverse? 


, 


1. Thank the writer for his letter. 
2. State that his request has been carefully considered. 


3. Mention something good about it—any point of 
agreement. 

4. Soften your refusal by saying we wish we could, but — 

5. If it’s necessary, tell honestly why we can’t comply. 
And we shouldn’t duck behind “company policy,” “new regu- 
lation,” or similar phonies. 


6. Try to end on a constructive note by showing our in- 
terest in the request, hoping we can be of future help, or sug- 
gesting something else we might do. But let’s not fall into a 
trap here! 


6. CALL YOUR READER BY NAME 


Despite its merits, the simplified letter recommended by 
the National Office Management Association has yet to win 
widespread acceptance. Undoubtedly one reason is the ab- 
sence of a warm salutation in it. People like to be called by 
their names; so stay away from Dear Sir, Dear Madam, o1 


Gentlemen. Instead, say Dear Mr. Wilson, Dear Miss Barnett, 
or Dear Jack—whenever you can. 

One friendly touch comes when we address our reader 
again, but not more than once, in the body of our letter. 
Something like this near the end: “If you need more informa- 
tion, Mr. Wilson, please write me.” Try it! 

But we have to use impersonal salutations in letters to firms 
where no person’s name is known. Even when we mention 
someone in the attention line, we do not address him but the 
one named in the inside address. It’s friendlier to name some- 
one in the inside address whenever we can, but official busi- 
ness takes place between firms. 

Using an attention line but addressing the company is 
necessary in our fast-changing world (1) to keep business 
rolling if the attention-line man is on leave or vacation, and 
(2) to hold business if the attention-line man should leave 
the company. 


7. WATCH YOUR OPENING SENTENCE! 

Since your first impression is important, make your place 
kick a good one. Your kickoff in the first 20 words sets the 
tone of your entire letter. Attract your reader by saying some- 
thing gracious, interesting, or arresting. 

Most businessmen try to do too much in this opener; often 
they rehash the whole letter they’re answering. This gurgita- 
tion and regurgitation of familiar matter is the biggest non- 
sense in business letters. Why tell a man something he already 
knows or his files will show? If a subject line is used, one 
specific detail and the date should identify what we're talking 
about. Then we can do one thing: state our aim quickly. 

Here’s an old-fashioned letter that breaks every rule in the 
book — it starts with a weak participle, restates what the in- 
quirer well knows, repeats every detail he mentioned, and 
buries the purpose so deeply a detective couldn’t find it. 
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Dear Sir: 


Referring to your letter of May 15, 1956, 
in which you state that you would be interested in 
receiving complete information if it is available 
concerning the Group Hospitalization and Surgical 
Benefits Plan adopted by our Company for all employ- 
ees and dependents, as amended on March 1, 1955: 


Since you are considering the adoption of 
a similar plan in your company if it receives offi- 
cial approval of your Home Office, we are enclosing 
the booklet describing our Plan in detail which we 
think you will find of value and have also requested 
our Mr. Charles Black, Industrial Relations Manager 
in your city, to call upon you. 


Yours truly, 








Dear Mr. Wilson: 


Thank you for your letter of May 15 
expressing an interest in our Group Hospitali- 
zation and Surgical Benefits Plan. We're glad 
te send you complete information about it. 


You'll probably find the enclosed 
booklet helpful because it describes our Plan 
in detail. 


We have also asked Mr. Charles Black, 
our manager of industrial relations in Ft. Worth, 
to offer his services to you. He's well equipped 
to answer any questions you may care to ask. 


If you need any further information, 
please don't hesitate to call on us, 


Sincerely yours, 


dm :1d 
Enclosure 
ec: Mr. Charles Black 











In the revision the writer shows that he’s a polite human 
being instead of a doddering parrot, that his firm is friendly 
and helpful, and that it has a fine regard for its employees. If 
you were the Fort Worth manager, how would you feel about 
the second letter? You'd probably never see a carbon of the 
first, but you'd get a formal order coldly requesting you what 
to do—without any explanation. What a difference in com- 
munications! 


8. DEVELOP YOUR LETTER STEP BY STEP 


Nothing reveals an orderly mind more clearly than a 
logical letter. A sense of organization comes when we (1) 
state our purpose in the very first paragraph and (2) develop 
each related part in order. We should begin a new paragraph 
for each new part or subhead, treating it fully before we 
tackle another. 

If we make our letter “move” in natural sequence, we 
avoid repetition, overlapping, and backtracking. And our 
reader gets an inner satisfaction in feeling the subject un- 
fold while he reads. What a joy to receive such a letter! Every 
fact and every needed detail are there; all we have to do 
is—act. 

Points that we originate we should treat in the order of their 
importance; we should answer points or questions in the 
order they are asked. Often we can combine two or three 
related points, and we can underline or number our points to 
emphasize them and assure easier reading. If we give the cor- 
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rect and complete information wanted, we cut out expensive 
follow-up letters. 

One suggestion: if we pencil rough notes in the margin of 
a letter before answering it, we help to crystallize our points 
into well-organized paragraphs. By numbering these, we can 
come up with a logical outline! 


9. SPECIFY A DEFINITE DATE—A DEFINITE ACTION 


We should tell our reader the exact date we will do some- 
thing or expect him to do something. This is called dated 
action. “As soon as possible” is as good as nothing. How early 
is “at your earliest convenience?” When is “in the near 
future?” 

Setting a definite date in your reader's mind will quicken 
his response and cut correspondence costs. “Please answer by 
airmail before June 1” is definite. If we know a reader is 
likely to be slow, we can set the deadline a bit earlier. 

Again, we should decide on the one action we most desire 
if there are several alternatives. If we tell our reader to do 
this, or that, or the other—we only confuse him. This is 
called divided urge. And the chances are, nine times out of 
ten, he'll do nothing. 

“Please let us receive all April orders by letter on May 5, 
or by wire before May 10—or, at the latest, by telephone on 
May 15.” This kind of direction is sure to cause confusion. 
Better say: “Please wire all April orders to us before 
May 10.” 


10. WATCH THAT FINAL SENTENCE! 

Sometimes we need to make it a clincher that carries zip 
and punch. Or make it action-compelling. Or simply cour- 
teous and appreciative. But no matter what we ant our last 
sentence to do, we must make it ring true and honest. Know- 
ing when to stop is an art; a brief closing is also a strong one. 

A one-line sentence as a single paragraph gains tremendous 
emphasis: “Thanks for your cooperation on this project.” 
“How about a letter by May 15?” 

When we want favorable action from our reader, we can 
use persuasion to bring the desired result. Instead of “hoping” 
or “trusting” or “thanking you in advance,” we can use some 
legitimate lure—without obvious pressure: 

“Don't write a letter—just initial this form and mail it 
today. 

“You'll maintain your high credit rating by sending a 
check today.” 

“We'll be glad to hold your reservation—until May 25.” 
“May I have an interview before June 10? Thank you.” 
Here are a few tips on parting sentences. 

1. Avoid the old-fashioned participle sentence, because 

non-finite verbals are never strong and decisive. 


Stop when the letter’s job is finished—keep it concise. 
Use a one-line paragraph if you want it emphatic. 
Never becurt; always be courteous, complimentary. 
Suggest one definite action to make it compelling. 
PS: Careful planning of a letter makes any postscript 
seemed tagged on, if not helter-skelter; but this after- 
thought is sure to catch attention. Travel here at your 
own risk! 


Letters Reveal Character 

Surely we mus! conclude that good letter-writing is far 
more than the mere writing of routine words. On the con- 
trary, it draws upon many facets of our knowledge and being. 
First of all, it involves our practical common sense, or plain 
old horses sense, combined with a careful regard for the 
Golder Rule in bus:ness. 

A superior bus..1~:s letter involves our tact and good man- 
ners, our sense of so..nd ethics and moral obligation. In addi- 
tion, it invol\. oo. accurate knowledge of human psy- 
chology, our p. ¢ of persuasion, our sense of honest sales- 
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CLARK BROS. CO., Olean, New 
York—Gas turbines, engines, and 
reciprocating, centrifugal and 
axial flow compressors — gas, 
steam, electric and diesel driven. 


DRESSER-IDECO COMPANY 
Columbus, Ohio — Radio and 
television broadcasting towers, 
steel buildings, aircraft hangars, 
mechanical parking garages, 
electric power substations. 


DRESSER 


MANUFACTURING 
DIVISION 


DRESSER MANUFACTURING 
DIVISION, Bradford, Pa. — Pipe 
line couplings, pipe repair sleeves 
and clamps, weldments, forgings, 
welding fittings, flanges, rings. 


IDECO: 


IDECO, Dallas, Tex.—Hydrair* and 
Power Rigs; Full-View* Masts; 
Substructures; Single, Dual and 
Drive-in Rambler Rigs; Blocks, 
Swivels, Rotaries; Mud Pumps; 
Petroleum Equipment and Supplies. 





agcobar. 


MAGNET COVE BARIUM 
CORP., Houston, Tex.—Magcobar* 
and Magcogel* drilling muds 
and other specialized oil weli 
Grilling fluids and chemicals. 








ACTELC) 


PACIFIC PUMPS, INC., Hunt- 
ington Park, Calif. — Centrifugal 
pumps for refineries, power sta- 
tions, pipelines, and chemical 
plants; plunger pumps for oilwells. 





ROOTS-CONNERSVILLE BLOWER 
DIVISION, Connersville, Ind.— 
Rotary positive blowers, gas pumps, 
centrifugal blowers, exhausters, vac- 
uum pumps, inert gas generators, 
and positive displacement meters. 





SECURITY ENGINEERING DIVISION, 
Dallas, Tex., Whittier, Calif. — Rock 
bits, reamer rock bits and hole 
Openers; reamers, casing scrapers 
and Neo-Red rubber stabilizers. 


electronic eyes and ears for industry 





ISIE 








SIE — world’s largest manufacturer of ex- 
ploration seismograph equipment — serves 
as headquarters laboratory for the petro- 
leum industry’s geophysical organizations. 
Hundreds of SIE seismic systems are used 
by major oil companies and geophysical 
contractors to seek oil-bearing underground 
strata — a world-wide record of acceptance 
unmatched by any other company. 


Southwestern Industrial Electronics has 


developed highly advanced electronic and 
electro-mechanical instrumentation for in- 
dustrial automation, electronic computing 
instruments for measuring fluid and gas 
flow, data reduction equipment, and a 
wide range of electronic laboratory testing 
and recording instruments. Many SIE de- 
velopments in electronics and automation 
are widely used in production and process- 
ing applications in many industries. 











another dimension 


to the 
DRESSER plus? 











SIE The newest addition to the Dresser plus g family of 
independent — and integrated —companies is SIE... Southwestern 
Industrial Electronics. The many SIE seismic systems in operation today 
have made significant contributions to the petroleum industry's remark- 
able record of finding new reserves of oil and gas. Coupled with this, 
SIE’s recent developments in the new field of automation provide an 
equally important contribution to industry in general. 





As geophysical activity has increased and become more 

L ANE) ))W ELLS effective, SIE has paced the industry by developing new equipment 

and methods. Today SIE seismic systems, magnetic recording systems, 

NEEL pe geophones, recording oscillographs, precision galvanometers, radios and 

por Okla.—Electric and Radio- other electronic instruments are serving the oil industry in every major 

portersting ent holies porters. field in the world. SIE adds electronic instrumentation to the broad 
a ential application of Dresser plus ¥ equipment and services. 

The unique teamwork offered by Dresser companies covers 

every phase of the oil, gas, chemical and electronic industries . . . and 

= | A combines to make the Dresser plus a symbol of superior products and 


services that are the standard of comparison throughout the world. 











SOUTHWESTERN INDUSTRIAL 
ELECTRONICS, Houston, Tex.—Seis- 
mograph aes | and instruments— 
electronic, electro-mechanical. Com- 
puters—analog and digital ; recording 
systems. Special transformers, reactors. 


* Trademark registered 


STRIES, mC. 


au + GA 
INDUSTRIAL EQUIPMENT = oe 


CHEMICAL 
TECHNICAL SERVICES 
| ELECTRONIC 


REPUBLIC NATIONAL BANK BUILDING e POST OFFICE BOX 718 eo DALLAS 21, TEXAS 








American Airlines 

Blank ema Depot 

Atle teen “aga farrge Mente 
~Atten:—Geo. Hardin— 


Y i SF 


Kn 
OLS fae hema S ference is made ¢o your order {under date} of 
— 22nd, we <de make many types of plastic covers, -it— 
wae we 


er LETS epsestbie to quote without) imowing- exactiy vhat,you want 

ao wwoethy —~{in particlar specification of size g for thie order of 1,000. 
Cur 

he velon covers 00k a Amel bound with heavy 


elastic) run as followsf / [Diameter 6° = 2m opening Price Per Fearn —pe 
100 = 12 ¢ each = Per M, 10 ¢ ea. 9" diameter - 3 " opening Ananda ns 


17¢ each Per 100 = Per M 15¢ and 12" * -5" " 























@ 25 ¢ per 100 and 22¢ per thousand. | 
fRela tive to the fact} you way a. other sizes thet 
MWe / = — a Lh 
fit particular se tengg Be lease advise/us rastinkte material and 
Aiaas gfe size a eee ee we trust the ye 
+t4di meet with eur on needs. — we call your attention to 
Konmmree 
(Vaedhies wordedthe fact that we make} om fovers, foo, Ticket Molders, Case ses, 
Fritz. / 
and other items fio0 numerous to mentions] Bows 
we Apa pentcea Te . 
(Aware ingfyour ordersg|we beg to remain/ 
































Yours truly» 


Plastic ; ° ; 


a — 
6 ine diameter, 2 in. opening: $12 per 100; $100 per 1,000 


9 in. diameter, 3 in. opening: $17 per 100; $150 per 1,000 
in. diameter, 5 in. opening: $25 per 100; $220 per 1,000 























manship, and some acquaintance with law and the legal we Prentice-Hall, 1953. (Legal aspects of business letters, 
= pp. - ). 


aspects of correspondence contract and libel. Frailey & Schnell, Practical Business Writing. New York: Prentice-Hall, 
“on le mean e a as 1952. 
— oe oe himself a marvelous letter-writer, Gunning, Robert, Technique of Clear Writing. New York: McGraw-Hill, 
says that “conduct is three-fourths of life.” And w ofi 1952. 
- y » . . life Al d e profit Murphy, Dennis. “Let's Improve Our Reports and Letters.” The Internal 
from a periodic review of our letter-writing performance. To Auditor (March, 1953), pp. 63-74. 
: : Ss > d i » >. y : 
summarize, a superior letter reflects our character as well as “G33 AMred Stuart. Letters for All Occasions. New York: Barnes & Noble, 
,ur writing ability. Rosenthal and Rudman, Business Letter Writing Made Simple. New York: 
. 8 , Made Simple Books, Inc., 220 Fifth Avenue, 1955. 
_ a R. “Thinking Through a Letter-Writing Program.” 
2nagement view (September, 1955), pp. 614-617. 
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YOUNGSTOWN meets the challenge of changing times 


YESTERDAY'S requirements seem simple when we leek back. With IN 1956—With drilling depths well below 15,000 feet—on sea and 
depths under 2,000 feet, demands on derricks and the tubular goods land alike—driliers must have products designed fer teday's mere 


were not se exacting. 


difficult conditions. 


Like the modern steel rig, today's drill pipe. 
casing and tubing are engineered for the stresses 


of offshore drilling 








YOUNGSTOWN 
OIL COUNTRY 
TUBULAR GOODS 
* 


Casing—Tubing 
Drill Pipe 
& 
A full line of types, 
weights and sizes 


7 
Meets all API 
specifications 
a 
Satisfactory service in every foot 
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With changing times, Youngstown products have kept pace with 
the ever advancing requirements of the industry. Today’s drill 
pipe, casing and tubing measure up to the severe demands of 
offshore and deep well drilling. Top quality when the industry 
was young, Youngstown will meet your 1956 requirements just 
as it did yesterday. 


THE YOUNGSTOWN SHEET AND TUBE COMPANY 


Manufacturers of Carbon, Alloy and Yoloy Steel 
General Offices - Youngstown 1, Ohio 
District Sales Offices in Principal Cities 





WANTED: 


Executive Talent 


THE campuses of most of the ac- 
credited colleges and universities of the 
United States are being visited today by 
a kind of industrial “scout” unknown 
a comparatively few years ago. They 
are men sent out by units of industry to 
find, from among thousands of stu- 
dents about to graduate, those who give 
the most promise of having executive 
or technical talent — perferably both. 
Not only must these representatives 
find such potentially valuable men — 
they must somehow manage to recruit 
the ones they want, against the de- 
termined competition of recruiters 
from other corporations. 

This is the fiercest manhunt in 
American history! 

Why? 

Because today throughout every seg- 
ment of American industry there is an 
unprecedented number of vacancies in 
jobs with a management-level potential. 
There will be even more in the next few 
years as industry expands and veteran 
employees retire. Never has there been 
such opportunity for qualified young 
men to get goods jobs and to move 
quickly up the management ladder. 

So tight is the available manpower 
that last year 80 to 90 per cent of the 
higher ranking college graduates were 
signed up by industry weeks before 
graduation and most of them never left 
the campus. Many seniors have had 
three to five job offers or invitations 
to visit company installations. One 
honor student in a West Coast univer- 
sity was reported as having job offers 
from 13 strong corporations. 

While the greatest demand is still 
for specialists, it is by no means con- 
fined to them. Last year there were 40,- 
000 immediate openings for engineers, 
with only 24,000 engineering grad- 
uates. There is a growing demand for 
liberal arts graduates who are well- 
rounded and capable of filling man- 
agement positions. 

This article is based upon a paper given by 
Pipkin before the National Office Management 


Association, Beaumont, Texas, January 26, 
1956 
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James H. Pipkin 


Recruiting Programs 

There are now about 5200 business 
or industrial firms in the United States 
that have formal college recruiting pro- 
grams. To succeed, these programs can 
be neither haphazard nor sporadic. 
They must be organized on a perma- 
nent year-around basis, directed by 
men of vision and determination and 
staffed with capable personnel. 

Each company must carefully study 
its executive manpower requirements 
for the present and for the future. It 
must survey the schools to determine 
where the kind of people it most needs 
can best be found. Then comes the 
complicated procedure of setting up 
interviews coast-to-coast with college 
placement officials, deans and faculty 
members, and the students themselves. 

Evaluations of each likely prospect 
must be made, follow-ups in the forms 
of letters and additional interviews, and 
finally the ultimate hiring. 

This, naturally, involves the creation 
of a new relationship between industry 
and the colleges — and the relation- 
ships may ultimately extend down into 
the secondary schools as competition 
for good men becomes fiercer. 

This new cooperation between edu- 
cation and business is all to the good 
since it fosters a community of in- 
terest and an understanding that has 
not always been conspicuous in the 
past. To show how concrete the rela- 
tionship has become, some 1500 com- 
panies now support higher education 
through scholarships and fellowships. 
It is evident that this trend will rise. 


Special Courses 

There are other developments in the 
area of management training. Indus- 
try is becoming aware of the need for 
further inside-the-company training, as 
well as for executive and management 
training in connection with colleges 
and universities for outstanding per- 
sonnel. 

Special courses — worked out in 
conference by educators and industry 
— are now available at leading univer- 
sities for men selected by their com- 
panies. Such courses run from 3 to 13 
weeks and cover almost every aspect 
of management responsibility. These 
men, if they show benefit from their 
extra effort and studies, may be ex- 
pected to advance to more important 
positions within their companies. 

In addition, there has been a phe- 
nomenal rise of schools of business in 
American universities. Less than 50 
years ago there were only three: The 
Wharton School of Finance and Com- 
merce at the University of Pennsyl- 
vania (1881), the College of Com- 
merce of the University of California 
and the School of Business of the Uni- 
versity of Chicago (both founded in 
1898). Today there are more than 200 
such schools, and about 250,000 col- 
lege students are majoring in business 
administration. 


Why the Drive for Executives? 

How has all this changed situation 
come about? Why does industry now 
pay so much attention to college men 
in its hunt for personnel? Is there some- 


In this “fiercest manhunt in history’ there are 5200 


business or industrial firms that have formal college 


recruiting programs ...Some 1500 companies support 


higher education through scholarships and fellowships 


...Industry and educators have worked out courses for 


executive and management training . . . 
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thing magic about a college degree? Are 
intelligent men found only in college 
or university? Has top management be- 
come snobbish? 

The answer to these last three ques- 
tions is a resounding “no!” There is 
nothing magic about a college degree. 
There are multitudes of intelligent men 
who do not go to college. And man- 
agement knows that a business is not 
a social club. Yet the situation industry 
faces in recruiting personnel is a serious 
one, and perhaps the best way to under- 
stand why is to look at the way things 
were 30 to 50 years ago, and how they 
have changed. 

Let’s use The Texas Company as an 
example. When the company was 
formed on April 7, 1902, its first offices 
were in a corrugated iron building 
down by the Southern Pacific tracks — 
three rooms in all. Capitalization was 
at $50,000 and equipment consisted of 
one wooden barge, 10 tank cars, 15 
miles of pipe line, and a pile of bricks 
from which a refinery was to be built. 

Since then the infant company has 
grown into a global enterprise, carry- 
ing on exploration, producing, refining, 
distribution, and marketing and re- 
search operations. Its assets top $2 bil- 
lion; it has 120,000 stockholders, and 
its work force in the United States 
alone exceeds 35,000. The small com- 
pany that first saw the light of day in 
Beaumont, Texas, has become the 
seventh largest industrial enterprise in 
the United States. 

While Texaco was making these ad- 
vances, the rest of the country was 
moving ahead, propelled by the petro- 
leum revolution and its incalculably 
complex branching out into every nook 
and cranny of American life. 

A gifted young man named Henry 
Ford invented the assembly line and 
achieved mass production of a low- 
priced car. This affected every segment 
of American life, urban and rural, un- 
til the very face of America was trans- 
formed. In 1905, auto registrations in 
the United States were 79,000. In 1955, 
they passed the 60,000,000 mark. 

But this is a story you al! know, for 
each of us has played his own part in 
the greatest transformation of a civili- 
zation that has ever taken place in such 
a short span of time. 


Technical Training Needed 

This change has, of course, been 
most pronounced in industry. For in- 
dustry, to survive in a competitive 
economy, must be constantly improv- 
ing its products and facilities, and with 
equal intensity planning even better 
products and facilities for tomorrow 
and the day after tomorrow. 

Nowhere is that necessity more 
marked than in the oil industry, where 
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the record shows long-range changes, 
as well as constant change from day 
to day. 

It is the development of an immense 
list of new products and the constant 
improvement of old products that has 
been the most important single factor 
affecting our personnel needs. The 
same, I think, can be said of other in- 
dustries as well. Simply because we 
must manufacture products that were 
undreamed of even 30 years ago, we 
must secure new personnel that knows 
something about them. 

Even since the end of World War II, 
the impact of new technologies upon 
us has been stunning. And since most 
of that technology is based upon re- 
search in laboratories of one kind or 
another, to get qualified personnel we 
must go where it is being trained — and 
that means the college and university 
campus. 

Fifty or more years ago, manpower 
was not a major industrial problem. 
Most jobs could be filled by fellows 
with no particular specialized training. 
Many office workers wore the celluloid 
collars and cuff protectors, and made 
ledger entries with a quill pen while 
balancing on a high stool. 

Basically, the machine age is re- 
sponsible for much of the change that 
has ensued, though in a strict sense the 
machine age has been with us for a 
much longer period of time. But the 
machine age, as we know it now, came 
into being with the arrival of the petro- 
leum age, and is inseparable from it. 
We have machines today with power 
unimagined a generation ago — the old 
kind of assembly line manufacture al- 
ready seems quaint beside what the 
new machines can do. You hear much 
about automation. 


Automation Needs Technicians 

While automation is not mysterious, 
it involves use of complex mechanical 
creations, and it adds a greater burden 
of responsibility to the technicians who 
operate them. Automation is coming 
to stay. 

There has been a great deal of loose 
talk to the effect that it will cause a 
wave of technological unemployment. 
Don't believe it. That is the cry that 
has arisen in every generation with the 
introduction of every labor-saving ma- 
chine. But what are machines for, ex- 
cept to do mechanically, with speed and 
efficiency, what has hitherto been done 
either manually or with less efficient 
predecessor machines? 

The uniform history of labor-saving 
machinery has been that it has in- 
creased productivity and ultimately led 
to greater employment for greater num- 
bers and at better pay. We can see that 
process at work in almost every level of 
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American industry today: Per capita 
employee “productivity” has undeni- 
ably increased—but why? Not by mak- 
ing the employee work longeror harder, 
or by making his job more complex or 
fatiguing, or anything of the sort. The 
productivity of the average employee 
has been the result of giving him new 
and more efficient machines, and usu- 
ally these are machines that actually re- 
duce the effort formerly required of 
him. 

The real goal of automation is not 
to reduce operating manpower. It is to 
create greater productivity, higher effi- 
ciency and lower cost per unit of out- 
put. This contributes to progress, pros- 
perity and job security 


Management Jobs Harder 

Yet even a little reflection will reveal 
that this technological advance, which 
has done so much to give the rank-and- 
file worker in industry a job that is 
physically easier, better paid, and more 
productive with less effort, has had a 
quite different effect upon the manage- 
ment job. It has made that job more 
difficult and more complex, in much 
the same manner as it has made the 
jobs of engineers and other technical 
personnel more demanding. 

First of all, it is now required of men 
at every management level that they 
master a great deal more information 
about operations than ever before. Op- 
erations have now become so much 
more complex that there is a hundred- 
fold more to know, to keep current 
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Technical advance gives the rank and file worker less 
labor and more pay ...it has made management's job 
more difficult and complex . . . it has created an insatia- 
ble demand for scientists, engineers, and technicians .. . 


Second, because of the increasing 
pace of the competitive struggle be- 
tween companies within almost every 
industry, management must now know 
a great deal more than its own com- 
pany back yard. It must be familiar 
with all sorts of trends and conditions: 
Economic, financial, political, and 
social. It must maintain just and 
friendly relations with labor, custom- 
ers, stockholders, and communities 
in which it does business or maintains 
installations. It must know the public 
pulse. It must carry on the best re- 
search program it can plan and afford; 
it must develop new markets and im- 
prove its products or bring out new 
ones. It must provide a pool of execu- 
tive talent for top-level jobs as the 
company grows. It must maintain its 
own equivalent of the Department of 
State if it has foreign operations, to 
keep in close and friendly relationship 
with the governments of the countries 
in which it works. 

Broad versatility, plus ability for pin- 
pointed concentration on any of these 
fields of activity on a moment's notice, 
is now part of the basic qualifications 
of men fitted for management duty. 

Third, the man needed for future 
executive duty must possess certain 
personal qualities that are not found 
every day: He must be able to formu- 
late and communicate ideas, judge and 
select men, adjust easily to changed 
situations, make sound decisions 
quickly and firmly. He must have abil- 
ity to run with the ball alone, or to 
merge perfectly and unobtrusively into 
team-play. But above all, he must 
be a man of character and integrity. 
There must be no doubt of his trust- 
worthiness or his courage when busi- 
ness decisions with moral implications 
have to be made. The day is gone — if 
there ever really was such a day — 
when a man could be ruthless and un- 
scrupulous six days a week in busi- 
ness, and a respected church-goer on 
Sundays. 

The catalog of qualifications for 
executive leadership that I have just 
recited is admittedly a tough one. Ad- 
mittedly, also, very few men, if any, 
possess them all. But there is one quali- 
fication that I have so far purposely 
refrained from including, and for a 
very good reason, although it is per- 
haps the most necessary qualification 
of all. I have not mentioned it thus far 
because no talent hunt in the colleges 
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could ever expect to find it — a college 
student couldn’t have it. It is: 


Judgment Based on Experience 

No man ever became a successful 
executive without judgment based on 
experience. And no man ever had such 
judgment given him as a gift from 
somebody else. Either he develops. it 
himself, within himself, or he goes 
through life without it. He cannot get 
it in any college or in a postgraduate 
course. He cannot acquire it by listen- 
ing to the advice of his friends, no mat- 
ter how sage that advice may be. For 
the kind of judgment based on experi- 
ence that alone will fit him for execu- 
tive responsibility is really simply his 
own developed maturity built up every 
day until it becomes the sum total of 
his reasoned response to thousands of 
past individual situations. 

The man who has this will never be 
taken wholly by surprise in the face of 
any unexpected event; he will know 
what to do and his decision will be 
swift and sure. 

There is no substitute for this quali- 
fication. The men who have it are, 
whether they realize it or not, actually 
the most important and indispensable 
men in American business and indus- 
try. They may or may not have at- 
tended college. They may or may not 
have received wide recognition. But it 
is upon them that industry depends 
most as it meets new situations in 
its growth. 


No Relief in Sight 

As we face the future, I feel that I 
must report honestly to you that I do 
not anticipate that the supply of po- 
tential technical and executive leader- 
ship is likely to become greater for 
some years. The net effect of this, of 
course, will be to throw added respon- 
sibility upon those of us already at 
work. 

Gold is where you find it. This can 
truthfully be said of men of judgment 
and capacity in our industrial complex. 
They are found where they are, and 
they sometimes turn up in the most un- 
expected places — sometimes right 
under a manager’s nose! No “talent 
search” is complete that goes all over 
the country looking for potential execu- 
tive material and pays no attention to 
its own organization. In a well-run 
company, opportunity is unlimited for 
any man. xe 





Personable Purchaser 

The quick perceptiveness and pleas- 
ant personality of Margaret Buck- 
ingham are valuable assets in her work 
at the Ohio Oil Company, Casper, 
Wyoming. In the purchasing section of 
the production department, she is in 
constant contact with oil field operat- 
ing personnel of her company in pro- 
curement of production materials. 

A native Wyomingite, Mrs. Bucking- 
ham attended Sheridan schools and 


Margaret Buckingham 


then the St. Mary's Academy in Salt 
Lake City, Utah. Back in the home 
state, she began working in the Vet- 
erans’ Hospital of Cheyenne as secre- 
tary to the chief medical officer. Mar- 
riage ended this position, beckoning her 
to the ranks of housewives. 

Following an automobile accident 
which left her a widow, Margaret 
again looked toward a career and joined 
Ohio Oil in the fall of 1941. She is a 
charter member of the Casper Chapter 
of Desk and Derrick, serving as presi- 
dent in 1955. 

Hobbywise, bowling claims most of 
her recreation hours. Enthusiastic in 
the sport, she is largely responsible for 
organization of the Casper Oilerette 
Bowling League; is a member of the 
“200” club and with a partner held the 
1953 city doubles trophy. 
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PERSONALS 





> William K. Warren has been elected a 
director of Gulf Oil Corporation, com- 
pleting a 40-year cycle in his career which 
began with Gulf. Warren began his oil 
career in 1916 with Gypsy Oil Company, 


then a subsidiary of Gulf, and left to 
form his own company. He was founder, 
chairman of the board and chief execu- 
tive officer of Warren Petroleum Corpora- 
tion. When Warren Petroleum merged 
this year with Gulf, the Warren-owned 
and joint-interest plants produced a large 
percentage of the nation’s LP gas and 
natural gasoline. In the petroleum in- 
dustry, Warren has served in a number of 
top posts with the American Petroleum 
Institute, National Petroleum Council, 
and Mid-Continent Oil and Gas Asso- 
ciation. 


> Joe L. Risinger, in charge of safety at 
Socony Mobil Oil Company, Inc., retired 
after serving the company 37 years. The 
inventor of an agitation method of extin- 
guishment or control of oil tank fires, he 
began his career in the boiler shop of Mag- 
nolia Petroleum Company. 

Involved constantly in research on fire 
protection, method, equipment and pro- 
cedures, he has taught his fire protection 
techniques on five continents and he is 
now available to industry as a consultant 
on the safety of personnel and on fire 
protection. He lives in Maplewood, New 
Jersey. 


> Norman Hardy is the new executive 
vice president 3‘ the Arabian American 
Oil Company. Following an oil career 
since 1926 he was a geologist with 
Standard of California. He has worked in 
Indonesia, Holland and South America, 
as well as in the United States. Hardy was 
president of the Richmond Petroleum 
Corporation prior to joining Aramco as 
vice president. 


> Leland S. Dennegar has been appointed 
director of public relations of The Ameri- 
can Society of Mechanical Engineers. Be- 
fore joining ASME, Dennegar was a mem- 
ber of the public relations staff of Stevens 
Institute of Technology, Hoboken, New 
Jersey and had worked in the publicity 
department of the Union Carbide and 
Carbon Corporation. 


> R. E. Dalbeck has been elected assistant 
comptroller of Union Oil Company of 
California. Until his recent transfer to 
Los Angeles headquarters he had been 
division accountant for Union's Gulf 
Division. 
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> Mervin S. Coover, associate dean of 
engineering and professor of electrical en- 
gineering at Iowa State College, Ames, 
lowa, was elected 1956-57 president of 
the American Institute of Electrical Engi- 
neers. 

New vice presidents are: Donald E. 
Garr, general engineering laboratory, 
General Electric Company; Leland F. 
Stone, apparatus sales office, General 
Electric Company; J. H. Foote, presi- 
dent, Commonwealth Associates, Inc.; 
Norman F. Rode, professor of elec- 
trical engineering, Texas Agricultural and 
Mechanical College; Mansfield M. Ewell, 
engineering and service department, West- 
inghouse Electric Corporation; and Henry 
H. Kerr, vice president in charge of op- 
erations, Toledo Edison Company. 

The new directors are: William R. 
Brownlee, Southern Services, Inc.; Alva 
A. Johnson, switchgear division, West- 
inghouse Electric Corporation; and L. M. 
Robertson, chief electrical engineer, Pub- 
lic Service Company of Colorado. Walter 
J. Barrett, New Jersey Bell Telephone 
Company, was re-elected treasurer. 


> Robert J. Derby, assistant general at- 
torney, The Texas Company, was named 
general attorney to succeed John C. Jack- 
son who retired to enter private practice. 
Derby practiced law in Lufkin and San 
Antonio bfeore joining Texaco in 1945. 


> Michel T. Halbouty received the first 
professional degree of geological engi- 
neer to be given by The Agricultural and 
Mechanical College of Texas. Halbouty 
graduated from Texas A&M in 1930 and 
entered industry with the Yount-Lee Oil 
Company. In 1935 he became general 
manager, chief geologist and petroleum 
engineer for the Glenn H. McCarthy In- 
terests and remained in this position until 
he established his own consulting business 
in 1937. 


> Frank M. Porter, API president, re- 
ceived an honorary degree of Doctor of 
Laws from Hahnemann Medical College 
and Hospital of Philadelphia. He was 
presented as a candidate by Robert G. 
Dunlop, president of Sun Oil Company, 
and vice president of the college’s Board 
of Trustees. 


> J. Porter Langfitt, executive vice-presi- 
dent of the Pure Oil Company, Chicago, 
Illinois, was elected to a six-year term 
as alumnus trustee of Lehigh University. 


> A. J. McNay, of Standard Oil Com- 
pany of California, has been elected 
chairman of the Oil Industry Informa- 
tion Committee’s newly-created Educa- 
tional Advisory Council. He is super 
visor of the education and motion pic- 
ture sections of the company’s public 
relations departmen. 


> Miss Patricia Farrell, formerly assistant 
editor of National Petroleum News, has 
joined the staff of the American Petro- 
leum Institute in New York. She is the 
new supervisor of women’s activities for 
the Oil Industry Information Committee. 


> Jacob Blaustein, co-founder of t'e 
American Oil Company and a member 
of the United States delegation to the 
United Nations received the honorary de- 
gree of doctor of humane letters from 
Lehigh University. 


> Six top executives of the Houston Oil 
Company, which was recently sold to 
Atlantic Refiining Company and Time, 
Inc. for $235,000,000, have become asso- 
ciated with the oil activities of Herman 
and George R. Brown of Houston. 
They are: Hi Decker, former pres- 
ident of Houston Oil, to be in overall 
charge of the Brown's oil enterprises and 
president of Highland Oil Company; Ray 
C. Lewis, formerly manager of explora- 
tion to be executive vice-president and 
general manager of Highland; Wendell 
L. Lewis, formerly chief geologist, who 
will be vice-president and manager of 
exploration for Highland; R. W. Goff, 
formerly assistant manager of Houston's 
land department, new superintendent of 
land for Highland; J. M. Wilson, former- 
ly chief geophysicist to have the same 
position with Highland; and Foster 
Parker, Houston treasurer, who will be 
comptroller for Brown & Root, Inc., in 
addition to his duties with Highland. 


> Charles B. Wallace was named Gen- 
eral counsel of Magnolia Petroleum Com- 
pany to succeed Earl H. Brown, director 
and vice-president who retired. Wallace 
has been on the company’s legal staff 
since 1939, and in charge of litigation 
for the Magnolia companies since 1951. 

Brown has represented Magnolia since 
1920 and was elected vice-president and 
a member of the board of directors in 
1952. 

R. T. Wilkinson Jr., a member of the 
companies’ legal staff since 1940, was 
named associate general counsel 


DEATHS 


> Marsh S. Watson Jr., 32, general super- 
intendent of Buckles and Hostetler, died 
May 27, in Monahans, Texas after a long 
illness. 


> Morton T. Higgs, 60, retired vice presi- 
dent of Lane-Wells Company, died in 
Los Angeles on June 4. 


> Roderick Tetrick, geologist with So- 
cony Mobil Oil died in Worland, Wyo- 
ming, May 30 following a heart attack. 





> William B. Tucker, 74, an independent 
oilman, died June 13 in Dallas, Texas, 
following a two year illness. One of the 
first men in the oil industry in Pennsyl- 
vania, he moved to Dallas in 1918 and 
at the time of his death had holdings in 
Texas, Louisiana, Oklahoma and Kansas 


> Donald J. Phillips, 50, sales manager of 
Austin-Western Works, construction 
equipment division, Baldwin-Lima-Hamil- 
ton Corporation, died April 26 at his home 
in Aurora, Illinois. With Austin-Western 
since 1943, he became sales manager in 
1950. : 


> Hilmar H. Weinert, 69, oilman and 
banker, died in Seguin, Texas, June 11. He 
was president and chairman of the board 
of Seguin Bank and Trust Company, presi- 
dent of both the Trio Oil Company and 
the Tex-Ill Oil and Royalty Company. 


> Mark T. Wilson Sr., 68, an independent 
oil operator, died June 9, at his home in 
Dallas, Texas, following an illness. He 
had been in the industry since 1927. 


> Bennie Leo Aldridge, 29, manager of 
the Great Bend district of Welex Jet 
Services, Inc., and S, L. Ensminger, part- 
owner of an oil field servicing firm, 
were killed in a plane crash near Brad- 
ley, Oklahoma, May 14. 
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IL and GAS TRADE NEWS 





Waukesha Expands Facilities 


Greatly expanded facilities to handle 
both onshore and offshore oil industry 
requirements have been opened by Wau- 
kesha Sales & Service, Inc., in New Iberia, 
Louisiana. 

The new facilities, in a structure 40 by 
225 ft, provide space for both sales and 
service. 


Deutz Official Tours Southwest 


George K. Kramer of Cologne, Ger- 
many, international sales manager for 
Deutz oilfield and marine engines, has 
been making an extended tour of south- 
western oil fields with members of the 
Ideco technical service staff studying the 
application of new Deutz air-cooled diesel 
engines in drilling, workover and servicing 
rigs. 

Ideco, one of the Dresser Industries, is 
exclusive Deutz representative to the 
world-wide petroleum industry and has 
recently announced an effective new ap- 
plication of a 250-hp Deutz air-cooled 
diesel as a dual-purpose power unit for its 
self-propelled Drive-In Rambler Rig. 


Otis Buys Gas Lift Firm 

Otis Engineering Corporation, manu- 
facturing affiliate of Otis Pressure Con- 
trol, Inc., has announced purchase of the 
Bryan Gas Lift Equipment Company, 
Fort Worth, Texas. 

Many of the basic patents on gas lift 
equipment are still held by the Bryan 
company, and much of the equipment is 
designed to operate with Otis wire line 
tools for permanent well completions. 


Decentralization of Divisions 


With the formation of an instrument 
division, Fischer & Porter has completed 
its divisional decentralization program. 

The company is now divided into five 
product divisions — flowmeter, instru- 
ment, chlorinator and municipal, glass, 
and data reduction and automation. 

Heading the newly formed division will 
be Donald J. Tricebock, formerly assistant 
to the sales manager. 


Mann Acquisition Planned 

Texas Instruments, Inc., is to acquire 
the William I. Mann Company, accord- 
ing to an agreement announced jointly by 
the two companies. 

Texas Instruments will exchange 21,100 
shares of its common stock on a share-for- 
share basis for all of the Mann Company 
shares outstanding. Closing of the tran- 
saction was scheduled for June 30. 

The Mann Company produces precision 
optical components used in scientific and 
military instruments, guided missiles and 
projection devices. 


Smogless Industry Aids Research 

Dr. Lauren B. Hitchcock, president 
of the Independent Air Pollution Foun- 
dation, has announced an estimated 
budget of $750,000 for 1956 research, 
which includes new support for the 
foundation, much of it from businesses 
and industries that do not directly con- 
tribute to smog. 

Hitchcock said that many such or- 
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ganizations had contributed to the 
foundation in the belief that even in- 
dustry that is not suspected of air pol- 
lution must help find a solution. 


SpeedWay to Build New Plant 

Construction of a new plant that will 
triple the production of its SpeedWay 
Manufacturing Company division has 
been announced by Thor Power Tool 
Company. 

A 15-acre industrial site has been 
purchased at LaGrange Park, Illinois, 
a western suburb of Chicago a few 
miles from the present SpeedWay 
plant. Erection of the new structure 
will begin soon and occupancy is slated 
for early 1957. 


New Canadian Company Formed 

Formation of a new company, 
T.L.W. Western, Ltd., has been an- 
nounced by Toronto Iron Works, Ltd., 
and The Canadian Kellogg Company, 
Ltd., as part of an expanding program 
to provide increased fabricating serv- 
ices to the growing industries in West- 
ern Canada. 

The new company will incorporate 
the former Canadian Kellogg manu- 
facturing shops in Edmonton, Alberta. 

Toronto Iron Works will service its 
western customers through the new 
company. All fabricating services intro- 
duced by Kellogg will be continued, 
and the present Edmonton facilities will 
be expanded to permit the fabrication 
of the additional products required to 


accommodate Toronto Iron Works 
western clients. 

R. T. Valentine has been appointed 
general manager of the new company 
and the present staff at Edmonton will 
be retained. 


American Hoist Has New Program 

The American Hoist & Derrick Com- 
pany has announced a new program de- 
signed to give its equipment distribu- 
tors more assistance in sales promotion 
and market coverage, with the intro- 
duction of a new sales development 
department. 

Don W. Martin, formerly assistant 
advertising and sales development man- 
ager, Schield Bantam Company, will 
spearhead the new program. 


Beckman Data and Controls 

A new data and control systems de- 
partment has been formed by Beckman 
Instruments, Inc. 

The new department was created in 
response to the ever-growing need for 
a separate unit primarily interested in 
automatic data processing and the ulti- 
mate linking of instrumentation with 
digital computers. 

Department manager is Taylor C. 
Fletcher, previously manager of Beck- 
man’s industrial instruments group. 

The new department will also de- 
sign, manufacture, and sell data com- 
ponents in addition to complete sys- 
tems. 


Associated Business Publications (ABP) Award of Merit recently was won 
by advertising-public relations campaign of Petroleum Equipment Suppliers Asso- 
ciation. Pictured, left to right, are J. Earl Brennan, president of Brennan Adver- 
tising Agency, which handles the PESA account; George O'Leary, president of 
Houston Oil Field Materials Company, chairman of the PESA public relations com- 
mittee, and H. R. Safford Jr., executive secretary of PESA. PESA and the agency 


received duplicate awards. 
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In terrain like this, east of Pleona, Montana, production averaged three miles a day. O. R. Burden Construction Corp., 
Tulsa, Oklahoma, used an equipment line-up that was predominantly Caterpillar for money-making performance. 


; with these two CAT* MD6 Pipelayers on this 
spread east of Plevna, Montana, the O. R. Burden 
Construction Corp. relied heavily on other Caterpillar 
equipment for profitable production. Included in its 
line-up here were the following big yellow units: three 
D8 Tractorst;four D7 Tractors, one MD7 Pipelayer, 
two D13000 Engines in Cleveland ditchers and a No. 12 
Motor Grader. 


You'll find that concentrating on Caterpillar equip- 
ment pays off three ways: 


1 Every unit, from pipelayer to motor grader, is ruggedly 
constructed to stand up under the beating of pipeline 
construction. The MD6, for instance, has an exclusive 
oil-type clutch that seldom requires adjustment and lasts 
much longer than ordinary clutches. And its bellows 
sealed track rollers keep mud and dust out for longer 
life. These, and other Caterpillar-developed features, 
enable it to do more work at lower cost with less down 
time on any job. 


2 Familiarity with Caterpillars simply designed engines en- 
ables your mechanics and grease crews to handle main- 
tenance routine with a minimum of time. 


3 The network of Caterpillar Dealers makes it easy for you 
to handle your replacement parts problems wherever you 
are. Here’s word from Burden’s Spread Superintendent 
C. M. Hoffman about this: “Wherever our spread runs, we 
find Caterpillar Dealer service ready and willing to keep 
our Cat equipment in top operating condition.” 


What’s more, you'll find the latest developments in 
pipeline equipment first at your Caterpillar Dealer. 
One example: the all-new 190 HP No. 583 Pipelayer 
—the first complete pipelaying unit, with a lifting 
capacity of 130,000 pounds maximum. For complete 
information on the rugged yellow line, see him today. 


Caterpillar Tractor Co., Peoria, Illinois, U.S. A. 


CATERPILLAR’ 


“Caterpiiiar and Cat are Registered Leademerke of Caterpiiio: Tractor Co 
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Trade News 


Wyatt Plants Expansion Program 

Expansion programs at both the 
Houston and Dallas, Texas, plants of 
Wyatt Metal & Boiler Works are now 
in progress. 

At Houston, the expansion will per- 
mit Wyatt’s plant to produce more effi- 
ciently the larger and heavier process- 
ing vessels, which are required in both 
the oil refining and the petrochemical 
processing industries. The fabrication 
department is being extended 200 ft 
and an additional 200 ft of open crane- 
way space will extend beyond the added 
shop area. 

In the Dalias plant, an extensive pro- 
gram is under way for enlarging the 
facilities required for making trays, 
bubble caps, both carbon .and steel 
alloys. Three complete bays will now 
be used for this type of fabrication and 
each of these bays is being lengthened. 





Borg-Warner Buys Out 
Crane Firm 


Borg-Warner Corporation has acquired 
the assets of Industrial Crane and Hoist 
Corporation, Chicago, Illinois, materials 
handling equipment manufacturer. 

The number of shares of stock involved 
in the transaction was not disclosed. 

Industrial produces a wide range of 
overhead and other types of cranes, rang- 
ing from 500 Ib to 100 tons in capacity. 


Leeds & Northrup Has New Plant 
A new instrument-manufacturing plant 


of Leeds & Northrup Company has been 
opened at North Wales, Pennsylvania. 

The manufacturing and office areas are 
a single-story building providing over 6 
acres of floor space and set in a 129-acre 
tract. 

In-plant communications feature three 
special systems, in addition to regular tele- 
phone services. There is a central time- 
keeper system, a supervisory safety-moni- 
toring system, and a broadcasting, music- 
playing, signal-handling network especi- 
ally devised by LAN engineers. 

Land and buildings cost about $4,000,- 
000 and inventory and equipment about 
$7,000,000 more. 


Dale Transfers Some Operations 


The Dale Company has announced that 
it has transferred its spinner and tempera- 
ture survey service to Petroleum Engineer- 
ing Associates, Inc., of Pasadena, Cali- 
fornia. 

Dale will continue to supply the in- 
struments that it has developed, and will 
add to these and to the improvement 
thereof. 


Koppers Starts New Facility 

A 285-acre tract at Arroyo, West Vir- 
ginia, near Chester, has been purchased 
by Koppers Company, Inc., as the site for 
a dual-purpose facility for the company's 
tar products division. 

This facility will consist of a processing 
plant for the manufacture of nicotinic 
acid, more commonly known as niacin, a 
constituent of the vitamin-B complex; and 
a development plant in which work will 
be done toward the continued upgrading 
of coal tar chemicals. Ultimately, the 
company expecis to spend several million 


E-20 


dollars in plant construction at the site. 

Koppers Engineering and Construction 
Division is designing the new plant and 
laboratory buildings, and completion is 
expected early in 1957 


Koehring Plans to Acquire H-P-M 


Announcement has been made by 
Koehring Company of plans to acquire, 
through statuatory merger, the Hydrau- 
lic Press Manufacturing Company of 
Mount Gilead, Ohio, for in excess of 
$5,000 

More than 44,533 shares of Koehring 
common and more than 53,439 shares of 
a contemplated new Koehring preferred 
will be issued in connection with the 
transaction. The proposal is subject to 
ratification by stockholders of both com- 
panies. 


Kaiser Steel to Expand Plant 


A $113,000,000 expansion of Kaiser 
Steel Corporation’s Fontana, California, 
steel mill has begun. 

Production of finished steel products 
will be increased from 1,084,000 tons to 
1,528,000 tons per year with the addition 
of the new facilities 

Major units to be installed include an 
oxygen steelmaking process plant to pro- 
duce steel ingots, a slabbing mill for init- 
ial rolling of the ingots, and various major 
changes and additions to increase output 
oo hot strip mill, plate mill, and tin 
mill. 

Design and construction of the new 
facilities are being handled by Kaiser En- 
gineers of Oakland, California. It is esti- 
mated construction will be completed in 
about two years. 


Caterpillar Opens New Plant 


A motor grader and wheel-type tractor 
plant, claimed to be the world’s largest, 
was dedicated in Decatur, Illinois, re- 
cently by Caterpillar Tractor Company. 

The new plant is situated on a 425-acre 
plot of land and the two main buildings 
provide more than 840,000 sq ft of manu- 
facturing and office space. 


Control Specialty Is Purchased 


Control Specialty Corporation of Hous- 
ton, Texas, has been purchased by Fisher 
Governor Company. 

Manufacture of lease automation equip- 
ment, tank switches, well testers, and other 
associated products will be continued and 
expanded at the Houston plant, which will 
operate as a subsidiary of Fisher Gov- 
ernor. 


Le Roi Plans Expansion Program 


A $5,500,000 engineering and research 
expansion program has been started by 
the Le Roi Division of Westinghouse Air 
Brake Company at the company’s Mil- 
waukee, Wisconsin, plant. 

Already half a million dollars has been 
contracted for new laboratory facilities. 
Plans call for the engineering department 
personnel to be doubled during 1956. 


G-E Opens Illinois Plant 

General Electric Company has opened 
a multi-million dollar plant in Blooming- 
ton, Illinois, for the manufacture of gen- 
eral purpose industrial motor controls. 

The ultra-modern facility now contains 
383,000 sq ft of floor space. Products 
manufactured at the new plant, which is 
the department's headquarters, range 
from motor starters and controllers to 
push buttons and switches. 


Emsco Licenses French Firm 

Emsco Manufacturing Company an- 
nounces the licensing for the manufac- 
ture and sale in France and French Ter- 
ritories of Emsco oil well drilling rigs 
and engine transmissions by Societe 
Nationale de Materiel pour la Rech- 
erche et l’Exploitation du Petrole (SN. 
MAREP). 

SN. MAREP manufactures and dis- 
tributes equipment and drilling mate- 
rials for the European market. 


Said to be the fastest plane heing 
produced expressly for business today, 
this first Supercharged Aero Com- 
mander Model 680 has been deliv- 
ered by Aero Design & Engineering 
Company to Long Manufacturing Com- 
pany, Inc. The Commander, with two 
295-hp engines, has a top speed of 
260 mph and can lift 7000-Ib gross 
load to more than 25,000 ft. With only 
one engine operating, it can maintain 
a 15,000-ft altitude while carrying five 
to seven passengers. 


New Gas Lift Sales Company 

Formation of the Macco Gas Lift 
Company in Odessa, Texas, has been 
announced by Rufus Kirk and James 
A. Overly. 

The company was organized to 
handle sales and service of Macco gas 
lift valves. Territory covered by the 
firm includes all of West Texas and 
New Mexico. Manufacturer of the line 
is Macco Oil Tools, Inc., of Houston, 
Texas. 


New Supply Store Opens 

Construction of a new Jones & 
Laughlin Supply Division store and 
warehouse at St. Elmo, Illinois, has 
been completed and business opera- 
tions at the new location have begun. 

The new building, located on a 210 
ft by 63 ft tract, features a business of- 
fice, an Axelson pump repair shop, and 
a warehouse. 

Gerald Lee Berry is local store 
manager. 
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GULF REFINING COMPANY BAYOU COUBA FIELD COMPRESSOR STATION—equipped with a Beaird-Ingersoll-Rand 165 h.p. 6 JVG four 
cooler and gas coolers, and all necessary controls for unattended operation. Other sizes 110 to 660 h.p 


radiator with lubricating oil 


Packaged Compressor for — 
BARGE MOUNTED 
GAS LIFT 
SERVICE 


MACHINING 
MANUFACTURING 


STEEL 


THE J. B. BEAIRD 


WAREHOUSE 


SHREVEPORT, Lot 
Lou 


iana © Tulse 





BEAIRD 


COMPANY, INC. 


ISI 


ycle gas engine driven 


Gulf Refining Company has installed this barge mounted comp 

sor station in Bayou Couba Field, Louisiana. Part of a 21-well gas 
lift operation, the 165 h.p. 6 JVG Beaird-Ingersoll-Rand packaged 
unit was added to supplement three high gas-oil ratio wells former 

used to produce the field. Picking up from the lifted wells at 50 
psig., the compressor boosts the gas into the injection system at 
825 psig. where it is joined with make-up gas drawn from the 
high ratio wells. By using a closed gas lift system Gulf has stopped 
ells 


packaged and on its own skid base, the unit was 


flare gas losses and extended the life of the high gas-oil ratio wv 
Completely 
installed on a conventional cargo barge 
has been designed to facilitate the economical addition of a second 


Piping and plant layout 


compressor to the station when required 

Fully automatic in operation, the compressor is equipped with 
speed and pressure regulators which permit it to swing with changes 
in line pressure by varying the engine speed through a range of 
50% to 100%. Other controls watch over the unit day 
ready to shut it down should any unusual operating condition occur 
Only routine scheduled inspection and maintenance is required for 


and night 


24-hour unattended operation. 


Let us tell you about the economy of using Beaird-Ingersoll-Rand 
packaged compressor plants for offshore and tidelands production. 


& nF 
PRESSURE 
BULK STORAGE 


eer 


ANHYDROUS AMMONIA LP-GAS SYSTEMS 


EQUIPMENT 


PACKAGED 
COMPRESSOR PLANTS 


CAST STEEL 
FITTINGS 


NA @ Sales 


Offices: Dalla H 


Oklahoma ¢ Denver. ¢ do el 





WoW onthe Litt 


for small forged steel gate 
valve jobs 


CHAPMAN LIST 960 


You'll find more Chapman List 960 valves on more 
jobs than other small forged steel gate valves. 

For standing up and keeping maintenance costs 
down it’s tops, by far, on the valve man’s preference 
list. The reasons are sound and several. 


Wedge gate faces are super hard . . . hardened to 
800 Brinell by Chapman’s exclusive Malcomizing 
process. They won't... they can’t seize or gall. 
Easily replaceable seat rings are hardened stainless 
steel. Wear on seating surfaces is brought to a 
minimum. Bolted follower on the outside screw rising 
stem type has no exposed threads on its yoke 

. nothing that’s easy to corrode. 


Made to take . . . and stand up under . . . pressures 
from 380 psi at 1000° F. to 2000 psi at 100° F. 

(For higher ratings use Chapman List 990 valves.) 
Sizes from 14” to 2” in many different alloys. 

You can have either rising stem with yoke or rising 
stem with inside screw. And, depending upon your 
needs, the Bonnet joint is either ground metal-to-metal 


or gasketed. 


Catalog 10 has full information. It’s required reading 


for men interested in valves. Write for your copy today. 





THE 


CHAPMAN 


VALVE MANUFACTURING CO. 
INDIAN ORCHARD, MASSACHUSETTS 
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TRADE PERSONALS 





> Edward A. Johndrow Jr. has been 
named vice president in charge of sales for 
the George E. Failing Company, assum- 
ing the position left vacant by the recent 
resignation of J. T. Tucker. Johndrow has 
been serving as treasurer. 


E. A. Johndrow Jr. J. B. Fleming 


> John B. Fleming has been elected a 
vice president of Welex Jet Services, Inc. 
He was formerly the Gulf Coast division 
manager. 


> John W. Pool Jr. has been named man- 
ager, sales department of the chemical 
division of Koppers Company, Inc., and 
B. R. Sarchet has been made manager 
of the division’s development department. 
Both Pool and Sarchet were formerly as- 
sistant managers of the chemical division 
sales department. 

Poo: replaces Carl H. Pottenger, who 
was recently appointed vice president and 
assistant general manager of the chemical 
division, while Sarchet succeeds Frank B. 
Varga, who was recently appointed a vice 
president of the newly established Koppers 
International, C. A. 

H. D. Cooper, manager of the division’s 
eastern district sales in New York City, 
was promoted to assistant manager of the 
division's sales department. R. F. Seubert, 
supervisor of the chemical division’s sales 
office in Pittsburgh, has been named to 
succeed Cooper 


> Val L. Forsyth has been appointed man- 
ager of manufacturing, engineering and 
purchasing of Lane-Wells Company, one 
of the Dresser Industries. He was prev- 
iously technical assistant to the president 


> Ben C. Heald and J. D. Kelly have been 
appointed as district managers at Dallas, 
Texas, and New Orleans, Louisiana, re- 
spectively in the tubular products divi- 
sion’s southern area for the A. O. Smith 
Corporation 


> Stanley W. Stafford, field representative 
for Technical Oil Tool Corporation, has 
been transferred from Kansas to Okla- 
homa, and Norman C,. Blankenship has 
been appointed to serve the Kansas area. 
Stafford will make his headquarters in 
Oklahoma Ctiy. Blankenship will be head- 
quartered in Pratt, Kansas. 


> L. W. Boerner has been named to the 
newly created position of vice president 
in charge of engineering for National 
Foam System, Inc. Boerner was formerly 
chief engineer of National Foam 
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> James H. (Jock) Sutherland has been 
appointed to the position of midwestern 
regional sales manager of SKF Indus- 
tries, Inc. He succeeds Philip A. Carlson, 
who is retiring after 33 years of service 
with the company. Sutherland has been 
district manager of the SKF office in 
Chicago, Illinois, where he will continue 
to make his headquarters. M. William 
Passmore, formerly an SKF ficld engi- 
neer in Chicago, has been named to suc- 
ceed Sutherland. 


H. C. Loehr Jr. 


W. C. Kellogg B. L. Boccella 

> A number of promotions and transfers 
within the drilling mud department of 
Baroid Division, Na- 
tional Lead Com- 
pany, have been an- 
nounced. 

Jack H. Beesley, 
former manager of 
Baroid’s Mid-Conti- 
nent area, Tulsa, 
Oklahoma, has been 
appointed sales man- 
ager of the drilling 
mud department and 
will headquarter in 
Houston, Texas. B. 
L. Boccella has been named to replace 
Beesley. Boccella was assistant Mid-Con- 
tinent area manager prior to this change 

W. C. Kellogg has been named assistant 
area manager of the Louisiana Gulf Coast 
area with headquarters in New Orleans, 
Louisiana. He was superintendent of the 
South Texas Corpus Christi district, with 
headquarters in Corpus Christi, and is to 
be replaced by W. A. Henslee, formerly 
superintendent of the West Texas Odessa 
district. 

Harry C. Loehr Jr. has been appointed 
assistant area manager of the Mid-Conti- 
nent area. He was formerly Louisiana 
Gulf Coast area sales manager, with head- 
quarters in New Orleans. New Texas Gulf 
Coast assistant area manager, Houston, is 
H. I. Bussa, former superintendent of 
the northern Oklahoma district, with 
headquarters in Oklahoma City, Okla- 
homa 


y } 


H. |. Bussa 


> Clyde E. Walls has been promoted to 
the position of sales engineer for the 
Falfurrias, Texas, district office of Welex 
Jet Services, Inc. Walls has been with 
Welex for five years, in that period work 
ing through a series of positions, starting 
as a shopman and up through the field 
jobs of rigman and shooter 


> David D. Klager has been appointed 
operations manager of the Odessa, Texas 
branch of Stewart & Stevenson Services 
He was employed by Stewart & Steven 
son Services in 1951 


> Garnett A. Vining has been made west 
ern regional sales manager for the ma 
terials handling division of The Yale & 
Towne Manufacturing Company, San 
Francisco, California 

Vining was formerly manager of Yale 
gas powered industrial truck sales 


> Several personnel changes for the 
Du Pont Company's petroleum chemicals 
division have been announced 

Robert F. Harwick, formerly assistant 
manager of the Akron district of the 
elastomers division, sales promotion man 
ager of the petroleum chemicals division 
and Gulf Coast assistant regional man 
ager of that division, has been named 
manager of the western region. George 
L. Tyler becomes assistant manager, and 
William B. Gest has been named manager 
of the newly created Cleveland, Ohio 
district 

Edison D. Jeffus, who has been man- 
ager of the Eastern Regional Laboratory, 
has been named to the newly created 
post of additives manager for the Gulf 
Coast region, headquartered in Houston, 
Texas. William W. Wingate has been 
appointed to the other new position of 
additives manager for the Mid-Continent 
region with the main office in Tulsa, Okla- 
homa. Richard O. Braendle moves to as- 
sistant to the manager of additives sales 
in Wilmington, Delaware, the post for 
merly held by Wingate 


> Park L. Myers has been promoted to 
assistant general sales manager of Hughes 
Tool Company. Myers has been sales 
manager of the North Texas division 


: 


P. L. Myers 5. J. Gross 


> B. J. Gross has been elected vice presi 
dent of W-K-M Manufacturing Company, 
Inc. Gross was president of the former 
Key Company of East St. Louis, Illinois 
which became a part of W-K-M as a re 
sult of the recently announced consolida 
tion. W-K-M is a subsidiary of ACF In 
dustries, Inc 

O. Bliss Williams has been named direc- 
tor of industrial and public relations for 
W-K-M. Williams was previously assistant 
to the president of the former Key Com 
pany 
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Side platesare of abrasion resistant high strength 
steel, securely fused to moldboard and box sec- 
tions by low-hydrogen welding. They prevent 
load spillage, allow you to carry larger loads. 
Standard on all International bulldozer blades. 


Push arms are sturdily constructed of box sections. Side 
plates cre mill-rolled with integral back-up bars to support 
top and bottom plates. Machine welding gvorantees uni- 
formity of weld. 


Headless pins, locked by eye bolts, secure struts to blade. 
For removal, pins can be driven out in either direction. On 
hydraulic blades, all control linkage is connected to the 
blade through self-aligning bearings. 


@ 


Entire perimeter of blade is backed by heavy box channels 
solidly fused to moldboord. With this type of construction 


S 


NOW. 


moldboard, box channels, and welds flex freely to prevent 
weld failure. 


Spillboard is wide and high to prevent spillage over top of 
blade. Note that it is curved to match the contour of the 
moldboard, thus aiding boiling action. Width of moldboard 
allows you to carry full load for which the blade was intended. 


Moldboard is formed from a single sheet of low-alloy, high- 
strength steel. International blade is shaped to perfect 
curvature in a special forming machine to assure uniform 
strength and stress resistance over entire area. 


Shear bors welded to moldboard support end bits and 


relieve stress on end bit bolts. Lower edge of end plate is 


reinforced by wear plate to add strength at corners, in- 
crease wear resistance. 


New blades designed from “ground” up 


To make full use of the greater work capacity of the new 
Bonus-Powered International crawler tractors, we now offer a 
complete line of newly designed blades matched to tractor power. 
These new blades are rigidly supported around the edges by 
box sections to give the blade strength but also permit the 
moldboard to “breathe” under load stresses. New automatic 
welding processes guarantee that the welds in International 
blades will hold up under any kind of job conditions. 
International blades will last far longer and give you far less 
trouble than any others you have ever hung on any tractor. 
When you inquire about the new line of Bonus-Powered Inter- 


national crawler tractors, ask your International Industrial 
Power Distributor for all the facts about the new line of match- 
ing blades. See for yourself that they are the best designed, best 
constructed on the market. 


Write For New Blade Literature: An illustrated specification 
list of the 228 attachments available for International crawler 
tractors is just off the presses. For your free copy of Mailing 
Folder CR-492-F, write Consumer Relations Department, 
International Harvester Company, 180 North Michigan Avenue, 
Chicago 1, Illinois. No obligation, of course. 








Operates off front-mounted, gear- 
driven pump which gives fast blade 
action. Self-aligning bearings pre- 
vent binding of linkage. 


Hydraulic or Cable Buligrader 
Operates off high or low gantry, 
front or rear cable controls on 
TD-24, TD-18, and TD-14 tractors. 
Hydraulic bullgrader also for 
TD-9, TD-6, and T-6 tractors. 


INTERNATIONAL 
HARVESTER 


Ao «2 LEW blades 


Operates off either front or rear- 


mounted International cable con- 


trolunit. Available for TD-24, TD-18, 


dozer—Distributes the load 
evenly over the length of the tracks. 
Available only for TD-9, TD-6, and 
T-6 tractors. Bullgrader also 
available. 


Operotes off either front or rear- 
mounted International cable con- 
trol units. Available for TD-24, 
TD-18, and TD-14 tractors. 


international Drott ‘'4-in-1" 
Newest of International Drott load- 
ers. Combines Skid-Shovel, Bull- 
clam, clamshell, and bulldozer in 
one unit. Available for TD-14, TD-9, 
and TD-6 tractors. 


™ INTERNATIONAL 


Construction Equipment 








coring or testing co 
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FISHING TOOL 
GREAT BEND ong 7819 
Texas 
- 3-503) 


co. 


TONGS 


“Reversible,” "Standard" and “Ideal” types 
in all sizes. Jaws are drop forged from 
special steel, are carefully milled, heat 
treated, hardened and tested. The Handles 
are forged spring steel. The Chains are 
proof-tested to % catalog strength (1,200 
ib. to 400,000 Ib.) “Reversible” Jaws give 
double jaw life. “Standard” Jaws have 
extra bearing on the handle and forged-in 
ch-'s guides. The “Ideal” Tongs have V 
rl shaped teeth for a sure grip on 
Wee tor irregular shapes — fittings, etc. 
Caretes 


ARMSTRONG BROS. TOOL CO. 


“The Teel Helder Peepiec’ 
523) W. ARMSTRONG AVENUE + CHICAGO 30, LL 
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Trade Personals 


> Joseph Nalle has been added to the 
oil division staff of the Texas National 
Bank, Houston, Texas, and elected assis- 
tant vice president and petroleum engi- 
neer for the bank. For some years, he 
has been field manager of the Fairbanks 
Operators’ Committee 





> Herman Reynolds has been named 
branch manager at Grant Oil Tool Com- 
pany’s newly opened branch at Oklahoma 
City, Oklahoma. He was transferred to his 
new post from branch manager at Hobbs, 
New Mexico. Carl O. Williams is the new 
Hobbs branch manager 


> R. J. Granberry, member of the board 
of directors of Core Laboratories, Inc., 
and formerly district manager in Houston, 
Texas, has been transferred to Lafayette, 
Louisiana, where he will serve as district 
manager. 

Frank O. Reudelhuber, formerly man- 
ager of Core Lab’s reservoir fluids divi- 
sion in Dallas, Texas, has been promoted 
to manager of Upper Texas Gulf Coast 
operations. He will direct the firm’s serv- 
ices from offices and labs located in 
Houston. 


> Peter P. Somerville, plant manager of 
Jones & Laughlin Steel Corporation's wire 
rope division, at Muncy, Pennsylvania, 
has been appointed general manager. Ivan 
N. Latimer, Pittsburgh, Pennsylvania, 
field supervisor of the division, has been 
named assistant general manager. 

Somerville joined J&L in 1938, as su- 
perintendent of the Muncy plant. Latimer 
began work with J&L in 1929 in the 
accounting department 


A. Zoologist Writes: 
“Every imag 
tried for protect 
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STOP INSECT BITES! 
REVENT DISEASE & INFECTION! 


‘TICK 
OF 


More Than A Repellent 


SAPE! FAST! Kerns away 
Chiggers, Ticxs, Mos- 
quitoes, Flies. A few sec- 

protects you 
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MINE SAFETY APPLIANCES CO. 
201 North Braddock Avenve 
Pittsburgh 8, Pa. 

76 Branch Offices in the United Stotes 
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> J. T. Wright, S. J. Tipton Jr., J. A. 
Drake, and J. B. McKenzie have been 
appointed factory representatives for the 
petroleum equipment department of Axel 
son Manufacturing Company, division of 
U. S. Industries, Inc. 

Wright will cover the Anson and Bal- 
linger, Texas, area and Tipton the El- 
dorado, McPherson and Winfield, Kansas, 
area. Drake wiii headquarter at Russell 
Kansas, and will serve that territory in 
addition to the Hill City, Kansas, area 
while McKenzie was assigned the Hous 
ton, Texas, area 


> Hugh W. Causey, manager of the Char 
lotte, North Carolina, sales branch since 
1951, has been named an assistant direc 
tor of sales for Solvay Process Division 
Allied Chemical & Dye Corporation 
Robert P. Baynard succeeds Causey as 
branch manager 


> Warren H. Higgins has been appointed 
special representative in the petroleum 
department of International Business Ma 
chines Corporation, with his headquarters 
in San Francisco, California. Higgins be 
came associated with IBM 15 years ago 
in San Francisco 


> C. F. “Chuck” Riker has been appointed 
engineering and sales representative for 
Wagner-Morehouse, Inc., of Los Angeles 
California. This follows the recent ap 
pointment of Continental Supply Com 
pany as the distributor for Wagner- 
Morehouse. Continental's sales territory 
for the Los Angeles company includes al! 
of Canada and the United States with the 
exception of California, Oregon, and 
Washington 





Stitt "X" Type Sour Gas 
plugs resist corrosive 


10 TIMES 
wons'caeetnque_ LONGER 


fewer changes—cut “down” time. It's not 
the plug price, but the “change cost” that's 
important! Stitts cost a little more — save 
hundreds of dollars per engine per year 
Factory equipment in Clark, Cooper-Besse- 
mer, Worthington, other leading engines 


Write for Field Test Reports 


ALE $1 Gap Gauge 
STITT Ignition Company 


Columbus 1, Ohio 


Get STITTS From: 
BELL ENGINE SERVICE JNO. MULLER CO 
BETHLEHEM SUPPLY CO. REAGAN EQUIPMENT CO 
CLARK BROS. CO WAUKESHA ENGINE & EQPT. CO 
COOPER -BESSEMER CORP WAUKESHA-PACIFIC 
HOPEMAN EQUIPMENT CO WAUKESHA SALES & SERVICE inc. 
INGERSOLL-RAND CO WORTHINGTON CORP 
MAGNETO IGNITION SERVICE R. ANGUS (ALBERTA) Lid CAN 
ond Suppl, Stores Everywhere 
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Riwering a Turney draw works for Clegg & Hunt 
Drilling Co., of Houston, Texas, these three Caterpillar 
D397 Engines really proved themselves in their first 
six months of work. The rig is shown drilling on a 
site five miles south of Lake Arthur, La. The amount 
of hole made varies up to 2000 feet in 24 hours. And 
the engines are operating day and night, seven days 
a week. 


Equipped with torque converters and compounded 
to power both draw works and mud pump, the D397s 
are giving outstanding performance. L. L. Bond, tool 
pusher, says the D397s have not only given excellent 
service but show a real advantage on the draw works 
because of their fast acceleration. ‘‘They respond much 
quicker than other diesels,’’ he reports. 


Ask any owner of Cat Oilfield Engines what he 
likes most about them. He’ll tell you their depend- 





ability makes them a profitable investment. It’s a 
fact that there are Caterpillar Diesels still powering 
rigs after more than 100,000 hours of heavy-duty work 
They’re quality-built to stay on the job for years 


You'll find Caterpillar Dealers everywhere in the 
oilfields. Their application engineers, factory-trained 
parts and service specialists and complete facilities 
are available to you 24 hours a day. And in thei 
broad line of Caterpillar Oilfield Engines and Electric 
Sets is the right power to meet your drilling needs 


Caterpillar Tractor Co., Peoria, Illinois, U.S.A 


CATERPILLAR’ 


“Cater piliar and Cat are Ragutered Trademarks of Caterpiiie: | ator Co 





READY NOW 


OIL STOCK BARGAINS éaced on 
] (} BIG UNDERGROUND RESERVES aud 
HIGH CASH EARNINGS 


@ Big oil profits can be made in this market. More than 
ever, stocks will be selling on tangible worth. By buying 
gilt-edged oil stocks before their real intrinsic value is fully 
discovered, you can make big capital gains. 


We have just thoroughly re- 
studied over 100 oil stocks and 
have selected 10 as being out- 
standing value buys. First, these 
10 stocks have huge per share 
underground oil and gas re- 
serves, which, at present prices, 
are appraised ridiculously low— 
in some cases as much as 60% 
belaw their actual sales worth. 
Furthermore, oil is becoming in- 
creasingly difficult and expen- 
sive to find. Contrast this with a 
rising oil consumption rate and 
you see why these bonus under- 
ground oil reserves are a grow- 
ing treasure for shareholders. 


But that’s not all. On the basis 
of cash earnings, the real index 
of oil company growth, these 10 
issues are cheap. One is selling 
for as low as a 4-to-1 price-to- 
cash-earnings ratio. Thus, when 
you find an oil company that 
combines huge per-share re- 
serves with a generous cash flow 
in relation to price, you usually 
have a “double-barreled”’, 
money-making combination — a 
combination that more and more 
investors are seeking and which, 
we believe, means much higher 
market prices for these favored 
stocks. 


SEND NOW FOR OUR TIMELY REPORT ON 10 OIL STOCK 
RESERVE- AND CASH-FLOW BARGAINS—TO BUY NOW! 


Of the 10 reserve- and cash-flow bargain oil stocks, one is 
particularly interesting. The company added 60% to its 
reserves last year just from one discovery, and is involved 
in hot foreign oil plays. The cash-flow this year is expected 
to be double 1954's total. This, we believe, is an outstanding 
growth opportunity. 

IN ADDITION YOU WILL ALSO RECEIVE 


Our new Report on 4 low-priced oils now participating in explosive 
special situations. One is a land-play development with tremendous 
upside possibilities at, we believe, very little risk. Another, last 
year concluded one of the most attractive farm-out deals to a major 
company that we have ever seen. Similar situations in the past have 
resulted in large and fast profits. 

You get the above 2 Reports plus a 5 weeks’ trial subscription to 
both the Oil Statistics Bulletin and the Canadian Oil Reports for 
only $5. Return the coupon now. Remember, we believe that it will 
be only a matter of time before investors find these profit-potential 
stocks and force their prices higher. 

Both of the above Bulletins are recognized throughout the world 
as authorities on North American oil and natural gas stocks. 


OIL STATISTICS CoO., INC. 
Babson Park 57, Mass. 
Yes--send me at once (1) your new Report on “10 OIL STOCK BARGAINS BASED 
ON BIG UNDERGROUND RESERVES AND HIGH CASH EARNINGS”, (2) your 
new Report on “4 LOW-PRICED SPECIAL SITUATION OILS”, and (3) your 
OIL STATISTICS BULLETIN and CANADIAN OIL REPORTS for a period of 
5 weeks. (To new readers only.) I enclose $5 ([) Please bill me 





Name. 





VYVVVVVYVYVYY 


LAUGH WITH 
BARNEY 


As the Dutch kid pushed his mother 
into the canal, he called to his pal, 
“Look, Hans, no mom!” 


Sd 7 ’ 
He: “It was a beef stew marriage.” 
She: “What do you mean?” 
He: “He was always stewed and she 
was always beefing.” 
7 7 s 
Asked for his formula for successful 
farming, Ed Wynn opined, “Rise early, 
work late, and strike oil.” 
Old Age is the morning-after feeling, 
without the night before. 


7 7 7 

Two elderly American ladies were jour- 
neying across Canada for the first time. In 
the West, the train stopped in a large sta- 
tion and they got out for a walk. Meeting 
a man on the platform, one asked, “What 
place is this?” The man said, “Saskatoon, 
Saskatchewan.” The lady, thrilled, turned 
to her companion and whispered, “They 
don’t speak English here!” 


7 7 7 

Hotel Guest (phoning at late hour) 
“Is this the desk clerk?” 

Iil-humored clerk: “Well, what's eating 
you now?” 

Guest: “That's what I'd like to know 

7 7 7 

At a Communist meeting, one of the 
attending comrades suddenly stood up 
during the debate and addressed the chair- 
man. 

“Comrade Speaker,” he said, “there's 
just one thing I want to know: what hap 
pens to my unemployment compensation 
checks when we overthrow the Govern 
ment?” 

One morning while shaving, there came 
a loud cursingand swearing from the bath- 
room. The man’s wife called in and said, 
“What's the matter, dear?” The male of 
the species growled —“My razor — it 
won't cut.” “Well, don't be silly, dear,” 
said the wife, “you mean to tell me your 
beard is tougher than linoleum?” 


7 7 7 

One difference between death and taxes 
is that death doesn’t get worse every time 
Congress meets. 

The man was in court because he had 
stolen his neighbor’s front step and had 
nailed it to his own home. 

“Do you realize,” the judge told him, 
“the magnitude of what you've done; do 
you realize the immensely shameful act 
you've committed; do you realize the huge 
crime you've committed?” 

“I guess you're right, Judge,” said the 
man, “it was a big step to take.” 


The Widow Jones told a neighbor that 
her late husband had been very unfortu- 
nate all his life but that things had changed 
near the end. 

“How do you mean?” queried the 
neighbor. 

“Well,” replied the widow, “when they 
dug his grave, they struck oil.” 

Someone described a pink elephant as 
a beast of bourbon 
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THE SECRET OF A 
GOOD FLOATING ROOF: 


NO ROOM FOR VAPORS* 


*kNO EVAPORATION 
NO FIRES 
MINIMUM CORROSION 


a TANK SHELL FLOATING ROOF 


WEATHER SHIELD 





4 SCUFF BAND 








TUBESEAL 









































Because there is no space in a HAMMOND TUBESEAL FLOATING ROOF, where 
vapor can form, jet fuels and other volatile products can be stored with assurance 
that evaporation and fires cannot take place and further that corrosion will be kept 


to a bare minimum. 





THE HAMMOND TUBESEAL 


The most efficient and positive seal known: 
no moving parts - no mechanical 
maintenance : climate proof - 
non-corrodible « can operate to bottom 

of tank or above the top - no vapor 

space below the seal - entire 

circumference has tight seal under 

pressure at all times. 


CINCINNATI 2 
CLEVELAND 15 
EL PASO 
HOUSTON 2 
LOS ANGELES 14 
PITTSBURGH 19 
RICHMOND 20 
SAN FRANCISCO 
WASHINGTON 6, D.C. 
HAVANA o 
MEXICO CITY oe) 
“TIPSA” BUENOS AIRES U7 9 0 
Licensee in Cal.; NO 
LACY MFG. CO., NM RSI 
LOS ANGELES ORE IN THE FI 
Licensee in Canada 
BRIDGE & TANK CO. @ Patent applied for 
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ask for Bulletin TS 


CHEAPER OVER THE YEARS 
HAMMOND 


IRON WORK S 
WARREN and BRISTOL, PA. + PROVO, UTAH 
CASPER, WYO. + BIRMINGHAM, ALA. 
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KWIK- MIX 
314-S DANDIE® 
SPEEDS 
MIXING JOBS 


Oil field “handyman” 


For pouring footings, laying concrete slabs, and han- 
dling all other widely-scattered mixing jobs around refineries, 
yards, booster stations or drill sites, here's a portable “handy- 
man” that does on-the-spot mixing. Kwik-Mix 3%-S Dandie 
produces high-quality concrete fast, at low cost, anywhere 
on your property. 


IT'S AS PORTABLE AS 
A WHEELBARROW.... 


Balanced light weight, low 

center of gravity, roller- 

bearing wheels, and handy 

push-down tow-pole pro- 

vide easy one-man spot- 

ting on the job . . . and 
give smooth, fast towing job-to-job. Low charging height 
is only 43 inches. Easy-tilting drum is self-locking in any 
discharge position. The all-welded steel drum has rein- 
forced lip, separate ring gear, and box-section yoke for 
long-wearing durability. This utility-size 3/2-S Dandie also 
has multiple V-belt drive, standard 3.4 h.p. air-cooled gas 
engine, antifriction bearings throughout. It’s available in 
3 models: end-discharge tilter (shown here), end-discharge 
non-tilt, and a side-discharge tilter. 


See your Kwik-Mix distributor for full details, or send for 
bulletins on this 34-S, or on the larger 6-S, 11-S, 16-S sizes. 


3029 W. Concordia 
Milwaukee 16, Wis. 


mail to: KWIK-MIX COMPANY 
Send us bulletins on: —F WS 1 6S — 11-S [ 16-S concrete mixers 
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BOOKS x 


> Catalysis, Volume 3, Hydrogenation and Dehydrogenation, 
edited by Paul H. Emmett, published by Reinhold Publishing Cor- 
poration, 430 Park Avenue, New York 22, New York. Pages 
504. Price, $12.00. 

Following Volumes | and 2, which covered all the general ap- 
proaches and tools used to gain a better understanding of both 
homogeneous and heterogeneous catalysis, Volume 3 summarizes 
existing knowledge on the subjects of hydrogenation and dehydro- 
genation. Among topics covered are hydrogendeuterium exchange, 
and such commercial processes as the synthesis of ammonia and 
methanol, the dehydrogenation of butane and butene to form 
butadiene, and the hydrogenation of fats to oils. 

Well indexed and containing selections by widely-known con- 
tributors, Volume 3 and the entire series are designed to provide 
research chemists with a soundly conceived reference source on 
the physical chemistry of catalysis and catalytic processing 





> Applied Mass Spectrometry, organized by the Mass Spectrom 
etry Panel, published by The Institute of Petroleum, 26 Portland 
Place, London, W 1, England. Pages, 333. Price, $6.75. 

This book is a report on the second Applied Mass Spectrometry 
conference held on October 29-31, at the Institution of Electrical 
Engineers, London, England. Its main object was to bring to- 
gether American, British, and European workers in the field of 
applied mass spectrometry in order that they might discuss prob 
lems of current and future interest. 

Papers presented at the conference and discussions following 
their presentations have been organized and edited into book 
form to provide a coniplete coverage of the conference subject 
matter. To facilitate reading and reference, the material has been 
divided under five subject headings: General Applications of Mass 
Spectrometry; Specific Analytical Applications of Mass Spectrom- 
etry; Application of Mass Spectrometry to Fundamental Prob 
lems; Mass Spectrometer Instrument Developments; and Com 
puting Methods for Mass Spectrometry 


> Basement Rocks of Texas and Southeast New Mexico, by Pete: 
T. Flawn, published by The University of Texas, Bureau of Eco 
nomic Geology, Austin, Texas. Publication number, 5605. Pages 
261. Price, $2.50. 

This bulletin describes the geology of the Precambrian base 
ment rocks of Texas and southeast New Mexico as determined 
by a study of well cores and cuttings furnished by oil companies 
operating in the area. Data gathered in the study are integrated 
with published data on exposed basement rocks. Seven major 
lithologic and lithologic-structural divisions recognized in the 
area are discussed: Texas craton; Van Horn mobile belt; Red 
River mobile belt; Fisher metasedimentary terrane; Panhandle 
volcanic terrane; Swisher gabbroic terrane; and Wichita igneous 
province. 

Adding to the usefulness of the publication are three appen- 
dices; one a glossary of petrographic terms; another of abbreviated 
petrographic reports on all well samples studied; and third a 
report On magnetic susceptibility work done during the study 

Table 1, in itself a large part of the book, lists all wells 
alphabetically by county, operator, and other pertinent informa 
tion. In addition 11 other tables are included, and these three 
plates: area of basement rocks in Texas and southeast New Mex- 
ico; schematic cross sesctions of Texas basement rocks; and en 
larged sections from Plate 1 for Central Basin Platform, Fort 
Stockton high, and Muenster arch. Seven heliotype plates are 
composed of photomicrographs of rocks from the seven lithologic 
divisions. 


Underground Storage of Petroleum Hydrocarbons in the United 
States, compiled by the Research and Coordinating Committee of 
the Interstate Oil Compact Commission, published by the Inter- 
state Oil Compact Commission, P.O. Box 3127, Oklahoma City 5 
Oklahoma. Pages, 104. Price, $1.00. 

Divided in two parts, this publication results from a four-year 
study by the Interstate Oil Compact Commission research com- 
mittee, working in cooperation with state committees throughout 
the United States. 

Part I summarizes the general conditions for underground 
storage which apply throughout the United States, dealing pri- 
marily with the geologic and engineering aspects of underground 
storage. Part Il is a compendium of state reports describing 
storage projects now in operation and possibilities for other 
storage facilities in 42 states. 

Reportedly one of the largest and most complete surveys of its 
kind, this manual is interspersed with illustrations, tabulations 
and a plate of the Indiana areas for underground storage 
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et Ready 
for Your 
BIGGEST DAT 


It’s coming soon! Your biggest and possibly 
most important date in 1956—Oil Progress Week ! 
It’s your chance to make friends for yourself—your 
business— and your industry. 


Each year one week is set aside to bring the oil 
industry’s story directly to the American public. 
And today more than ever the American people 
need to know more about your industry —and this 
is your chance to tell them. Remember, those who 
know you best like you best. 


Here’s what you can do 


Contact the Oil Industry Information Committee 
Chairman in your area. He will help you work out 
an effective program. Participating in Oil Progress 
Week activities will be good for you and good for 
your business. 

But now is the time to plan—before you go on 
vacation. October 14th is nearer than you think 
and, as you know, it takes time to contact people 
and organize activities. So clip out the coupon at 
the right and mail it today ! 


You Know Your Job— Know Your Industry 
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Oil Industry Information Committee 
50 West 50th Street 
New York 20, N. Y. 
Gentlemen : 
I would like to help tell the story of oil—my story—to the 
people of my community. Please send me your free booklet 
explaining Oil Progress Week activities and listing materials 
that will be available to me. 


NAME 





ADDRESS 





(All 














Financing from the i B ee< in Dallas 


goes where you go! 


‘ NX “1 


» fs 
es 


Tex Harvey Oil Company's secondary recovery project in Novarro 
County, Texas. Above: Herbert Harvey, production engineer and son 
of Arthur ‘Tex’ Harvey, is shown on water flooding pump site. Mr. 
Harvey is an old friend and customer of First National's Oil Department. 


> Straight collateral loans on oil or gas producing properties, 
secondary recovery, refining plants, pipe lines and pro- 
gressive loans. 


P Oil and gas payment loans. 


FIRST NATIONAL BANK in Dallas 


Member Federal Deposit insurance Corporation 


put FIRST financing 


in your own oil future 
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On circulating water pumps 
in petroleum industry. 


7 TS 


Gas measuring station installation. 


W-K-M 
THROUGH-CONDUIT 
GATE VALVES = & 


- eRe Srl 
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This Teflon* Gasket is another 
example why Q C f lubricated plug 
valves are your best buy in round 
or rectangular port valves. 

It not only gives greater protection 
against head leakage, greatly re- 
duces turning torque, and operates 
in temperature to 450°F, but it also 
prolongs service life . . . and that 


* DUPONT TRADE NAME 


means a substantial saving in valve 
maintenance costs. 

Many years of field testing, plus 
years of industry service, have 
proved the importance of this fea- 
ture in QC Ff valve performance. 
See your Q C f Representative and 
learn why it pays to specify QCf 
valves. 


5602 


W-K-M Manvuracrurinc Company, Inc. 


A SUBSIDIARY OFO}CHINDUSTRIES 
Mk MS RAAAL ELL SO 


xn cor,npe 


on are ie 


PLANT: MISSOURI CITY, TEXAS © MAILING ADDRESS: P. 0. BOX 2117, HOUSTON, TEXAS 


mea Pe 


PLUG VALVES (- { 


\: 
a te Mii oe 


MANUFACTURING 


Te eee 


KEY 
RETURN BENDS 
AND FITTINGS 


vu ae eee 








CoMMERCIAL air trans- 
portation is one of the fast- 
est-growing industries in 
America. But it should never 
be forgotten that with almost 
every new stride this indus- 
try has taken, the petroleum 
industry has had to be one 
jump ahead .. . has had to 
be ready with the lubricants 
and fuels to fit the job. We 
of The Texas Company are 
proud that our association 
with this vital industry has 
been such a long and success- 
ful one. In fact... 


For more than 20 years, more 
scheduled revenue airline 
miles in the U. S. have been 
flown with Texaco Aircraft 
Engine Oil than with all other 
brands combined. 


The Texas Company 
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Since 1940 


‘1M 


A record of installations 
that in itself is incomparable 


just as all Petro Chem Isoflow Furnaces 





are most efficient by any comparison 





PETROCHEM-ISOFLOW FURNACES 
UNLIMITED IN SIZE... CAPACITY... DUTY 
PETRO-CHEM DEVELOPMENT CO., INC. « 122 EAST 42nd St., New York 17, N. Y. 
REPRESENTATIVES: 
Rawson & Co., Houston +» Wm. H. Mason Co., Tulsa * Lester Oberholtz, Los Angeles + Faville-Levally, Chicago * D.D. Foster, 
Pittsburgh + Turbex, Philadelphia + Flagg, Brackett & Durgin, Boston » G. M. Wallace & Co., Denver & Salt Loke City 
international Licensees and Representatives: SE Comercial, industrial, y de Estudios Tecnicos, Buenos Aires, Argentine * 
Industrial Proveedora, Caracas, Venervela * Societe Anonyme Huertey, Paris, France * Societe Anonyme Belge, Liege, Belgium * Huertey 
Italiana S.P_A., Milon, Italy Birwelco Lid., Birminghom, England 
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Unbeatable 


fast, clean 
pipe or conduit 


Pine Cutter 


It’s a tool that knows its 
business, that comes to your 
hands like an old friend. It 
rolls easily through any pipe 
or conduit, scarcely a trace 
of burr. Strongly built, guar- 
anteed not to warp or break, 
always tracks perfectly. Thin- 
blade or heavy-duty cutter 
wheels (special wheels for 
stainless or cast iron). For 
pipe or conduit cutting that’s 
a satisfaction, buy RIG@DiID’s 
at your Supply House. 


7 models for Ye" 
to 6” pipe and conduit 


RikaID 
4-WHEEL 


for easy cutting 
in tight places 


cma ee 


The Ridge Tool Company, Elyria, Ohio, U. S. A. 
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The Chemistry of Petroleum Hydrocarbons, Volumes 2 and 3 
edited by Benjamin T. Brooks, Cecil E. Boord, Stewart S. Kurtz 
and Louis Schmerling, published by Reinhold Publishing Cor 
poration, 430 Park Avenue, New York 22, New York. Volume 2 
pages 448, price $13.50. Volume 3, pages 690, price $18.00. 

Again, as in Volume |, these volumes are each a most concen- 
trated assembly of fundamental facts on petroleum hydrocarbons 
The volumes include the fundamental chemistry of many indus 
trial processes that involve hydrocarbon chemistry, and the 
probable mechanisms of the various reactions are also discussed. 

Both are dedicated to V. N. Ipatieff and F. C. Whitmore, as 
was Volume 1, and should prove indispensable references for 
petroleum engineers, organic chemists, manufacturers of chemi- 
cals from petroleum and natural gas and anyone interested in 
petroleum processing or in its derivatives. Containing 16 chapters, 
Volume 2 runs from Chapter 22 through 37. Volume 3 offers 22 
chapters, from 38 to 59. 


> How to Run a Small Business, by J. K. Lasser, published by 
McGraw-Hill Book Company, Inc., 330 West Forty-Second Street 
New York 36, New York. Pages, 350. Price $4.95 


Nationally known for his tax book, Your Income Tax, the 
author presents this book as a compilation of notes made during 
his years of advising those in small business, and references from 
government publications. In that it points the way toward effec- 
tive organization, it is a practical manual for owners of retail 
stores, small plants, wholesale houses, or commercial offices. 

Conveniently arranged and indexed for handy reference, this 
volume contains sample statements, instructions for preparing 
tax returns, suggestions for developing business and control inven 
tories, discussion on typical business problems, and basic proce- 
dures with which the businessman is concerned. In addition, it 
offers a clarification of the legal responsibilities of management 
toward labor, explains how to set up a simple system of account 
ing, and gives specific advice on the particulars of financing, insur 
ance, merchandising, and salesmanship 


TYPES OF PRODUCTS TO 
MEET YOUR SPECIFIC NEED 


| * A 


to lick your 
RING PROBLEMS! 


Whether it’s a packing or piston ring 
problem — FRANCE supplies not 
only the product when you need 

it, but the SPECIFIC Product to 

lick the problem. 


FRANCE 


PACKING CO. 
PHILA. 15, PA. 


For Full Information — Mail Coupon Now! 
FRANCE PACKING CO. 
PHILA. 15, PA. 


Name 
oe 
Company 
Address 
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EXPERIENCED PETROLEUM ENGINEER 
A technically trained and experienced 
petroleum engineer is needed for unit 
operations. Must be a graduate petro- 
leum engineer with several years in 
actual field operations in addition to 
general petroleum engineering experi- 
ence. Anyone interested, with these 
qualifications, please reply to Box 174, 
The Petroleum Engineer, P. O. Box 
1589, Dallas, Texas. 





A Leading 
Los Angeles Bank 


Has an opportunity for an attorney 
experienced in legal work for the pe- 
troleum industry. 


In replying please send resume of 
experience and qualifications. 


Write Box 176, c/o Petroleum Engi- 
neer, Box 1589, Dallas, Texas. 




















PROCESS ENGINEER 


“Experienced Engineers for process 
design with well established manufac- 
turer, Mid-continent area. Challenging 
work with excellent opportunity for 
advancement. Salary commensurate 
with experience. Relocate. All replies 
will be kept in strictest confidence.” 
Box 175, The Petroleum Engineer, 
Box 1589, Dallas, Texas. 











PETROLEUM ENGINEER 


The Nationa! Iranian Oil Company has 
vacancy for one experienced Petroleum 
Engineer to advise management on 
drilling, production and reservoir en- 
gineering problems. Salary commen- 
surate with background and experi- 
ence. Three years contract. Write giv- 
ing full details such as age, marital 
status, education, details of previous 
experience, last salary, etc., to Embassy 
of Iran, 3005 Massachusetts Ave., 
Washington, D. C. 














‘ 
organic plants. 


tion into practical designs 





PROCESS DESIGN ENGINEERS 


Permanent responsible positions with opportunity for high calibre men in 
Engineering Department of large Gulf Coast chemical manufacturing 
plant. Applicants should have the following qualifications: 


1. B.S. or advanced degree in chemical engineering. 


2. Minimum of three years experience in process design calculations, 
pilot plant operations or production trouble shooting—preferably in 


Interest in detailed calculations and mechanical-chemical interpreta- 


Interest in chemical engineering as a profession. 
Ability to work with others in a team. 


Positions are in Process Design Section for work on new plants and 
additions to existing plants. Work includes translation of pilot plant proc- 
esses into full scale plant design, design calculations on distillation, heat 
transfer, mass transfer, fluid flow, and associated work necessary to prepare 
flow sheets (no drafting). Processes are both organic and inorganic. Some 
field date and production equipment performance evaluation involved. 
Small electronic computer to be available in this work. Assignments will 
allow for full recognition of individual's ability, with commensurate salary. 


Replies held in strictest confidence; all will be answered. Please send 
complete resumé including education, experience, and salary expected, to 
Mr. D. M. Duguid, Technical Employment Manager. 


Texas Division 


THE DOW CHEMICAL COMPANY 


Freeport, Texas 


PETROLEUM 
ENGINEERS 


Experienced graduate engineers for 
immediate openings in Saudi Arabia 
and New York City. For engineering 
work in development, production, drill- 
ing, process, and oil and gas engineer- 
ing on primary and secondary recov- 
erv problems. 


RESERVOIR 
FLUID 
ANALYST 


With degree in Physical Chemistry or 
Chemical Engineering plus 5 years’ 
petroleum production engineering 
which should include 2 years’ study of 
reservoir fluid behavior. 

Salaries commensurate with training 
and experience. Write outlining per- 
sonal history and work experience. 
Please include telephone number. 


Recruiting Supervisor, Box 117 


ARABIAN-AMERICAN 
OIL COMPANY 


505 PARK AVENUE 
NEW YORK 22, NEW YORK 








FACE OF THE DEEP 
(Vantage Press) $2.50. 
Favors Catastrophic Geology. Analyses 
past physical and chemical processes. 
Order from author: D. 3, Whitney, 
Rt. 1, Box 355, Exeter, Calif. Value 
received or money refunded 














PETROLEUM ENGINEERS 
(South America) 
Graduate engineers with experience in 
drilling, production, reservoir and 
equipment. Working knowledge of 
Spanish desirable but not essential. 


LUBRICATION ENGINEERS 
(West Africa) 
Mechanical Engineer’s degree and ex- 
perience in lubrication and petroleum 
products. Fluent French not essential 

but working knowledge desirable. 


OPERATIONS SUPERVISOR 
(West Africa) 
Experienced all phases construction 
engineering concerning marketing pe- 
troleum products, i.c., appropriations, 
terminal layout and maintenance. M.E. 
or C.E. degree desirable but not essen- 
tial. Working knowledge French 

essential. 


Liberal Employe Benefit Plans 
Salary commensurate with experience 


Forward resume of 
education and experience to 


THE TEXAS COMPANY 
Foreign Personnel Office 
135 East 42nd Street 
New York 17, N. Y 
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sAVE MONEY, TONNAGE anp TIME 


SAVINGS ?--- YES! 


One carload — 2000’ of 1334” Dia. Armco Casing 


F. 0. B. mill savings on Armco - 
$72.82 per 100’ — per carload $1456.40 


Customers siding in Oklo. City, Freight 
savings from Armco Mill 306.60 


Total Saving Per Carload — $1763.00 


Usually it is unnecessary to use heavy wall casing on short strings 
of surface or conductor pipe. Armco casing eliminates excessive 
tonnage and expensive threaded collars. With long forty foot 
lengths, less joints are handled in trucking and time is saved in 
assembling on the rig floor. A major oil company in West Texas 
saved 333% in one year on their surface casing requirements 
using Armco. Armco Slip Joint Casing is available in a wide 


range of diameters (6” to 24”) and wall thicknesses (3/4 to 2’’). 


ARMCO IS STOCKED IN 25 BRANCHES OF THE 
NATIONAL TANK CO. WHO ARE EXCLUSIVE DIS- 
TRIBUTORS OF ARMCO SLIP JOINT CASING IN THE 
UNITED STATES AND CANADA. 


® 
NATIONAL TANK COMPANY 


TULSA, OKLAHOMA 
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FASIER MOVES 
FASTER PULLING 


j 
/ FRANKS 


Franks Cruiser, the most widely accepted pole Only Franks offers “On the Spot" field service 

eos . with stock of parts and factory trained personne! 
mast well servicing unit, has set the standard of guiilahie of Gilen, Conainn, Gemnes, Hennbanten 
performance and economy for rod and Great Bend, Houston, Kilgore, Odessa, Seminole, 


2 ° Edmonton and Tulsa. 
tubing jobs. 


Franks Cruiser is especially economical in 
areas where there is considerable waiting 
time on such operations as swabbing. 


Franks Cruiser is legal in weight; affords faster FRA mA\ hk 


moving; faster rig-up and down; and is known 
for its ruggedness and dependability. o cheer 


Contractors like Franks Cruisers because 
superintendents prefer them on their 
servicing jobs. 


Franks Division, 
Cabot Shops, Inc. 

Box 3218, Whittier Station 
Tulsa, Oklahoma 





i 


i 


Ht 


SECURITY QUALITY SHOWS... 
after drilling two miles in Arbuckle lime! 


costs, progressive contractors every- 
where are switching to Security. Try 
Security rock bits on your next loca- 
tion. Prove to yourself that drilling 
costs drop when you get 


Drilling for Frankfort Oil Company 
Ardmore, Oklahoma, Riceland 
Corporation opened 11,616 feet of 
Arbuckle lime a 
record depth in this hard rock for 


neal 


hole in. solid 


mation. After comparing perform 
ance of the two biggest selling 
brands of rock bits used exclusively 


Riceland 
pusher Page Arnall said: 


on this location, Tool 
“When bits were pulled, Security 
dulls looked better. Cones and bear 


ings stood up better under this hard 


ROCK BITS - 


REAMERS 


drilling — more insurance against 
fishing jobs.” 

To look better after coming out 
of the hole means this: Security bits 
better before going into the 
hole. Better engineered . . . better 
. better built. Results on 
other loca- 


were 


designed 
this, 
tions, prove it! Here, each Security 
bit averaged four feet of hole more 
than competitive bits used — 53.7 
feet compared with 49.7 feet. 


and hundreds of 


Constantly alert for ways to cut 


Write for 1956-1957 Catalog 


* CASING SCRAPERS 


Wy 


sf 


Security in your drilling! 





ENGINEERING DIVISION 


Plants: Dallas, Texas + Whittier, California 
Export Office: Chanin Bidg., New York, N. Y. 


RUBBER STABILIZERS 








Of Things To Come in Oil 


DRILLING CONTRACTORS TO STRESS SELLING in future contacts with 
operators. Recognizing their big weakness, contractors are taking lessons 
from other industries on how to sell their services better. You can look 
for brochures, better contact methods, and - ‘her sales devices. 


FREE PISTON ENGINE FOR CARS still long way off even if bugs worked out. 
Although it will burn most any type of fuel. i will take a lot of doing 
to change over any mass distribution of these .ucls from gasoline. And, 
too, conventional engine makers still have a jot of tricks up their sleeve. 


DEPLETION ALLOWANCE SAFE THIS YEAR, according to industry representa- 
tives in Washington. Reason is no hearing scheduled and Congress seems 
headed for adjournment by August for campaign activities. Although 
bill to cut allowance to 15 per cent has been introduced, no action taken 
to date by House Ways and Means Committee. 


GOVERNMENT WON’T HELP build pipe line to East Coast, says ODM Director 
Flemming, to guarantee 1,000,000 bbi crude per day for defense. Agree- 
ment on “Big-Inch” line specifies that U. S. can repossess within 20 
years for national emergency. 


THERE’S TROUBLE APLENTY brewing over wellhead gas rates to interstate 
commerce. FPC, under present status, is questioning current sales con- 
tracts. Commission is not favorable to escalator clauses, but leans 
toward weighted-average of fair-field-price formula. Taxpayers, stock- 
holders and independents will foot bill for rash of court cases to come 
up this year over field gas rates. 


LOOK FOR BATTLE IN CALIFORNIA over proposed oil and gas conservation 
act, slated for public vote this fall. Producers of a reported 50 per cent 
of the state’s crude oppose act, while several majors favor act. Oppon- 
ents taking their story to voters who will decide. 





Perfect Results 


MARTIN 
PLUNGERS 


everytime... 


0 


Like any precision instrument or 
tool, there is a proper technique 


for the use of Martin Plungers. 


© 





Proper Plunger Length 


The deeper the well the longer 
the plunger required. Three 
rings per 100 ft. for the 114” 
and smaller diameters, and two 
rings for the larger diameters, 
is simple rule to follow. Add 
extra length for stroke-thru. 


Proper Ring Size 


Gravity, Temperature and 
water content determine the 
ring size to give free travel 
with minimum slippage. 
There is no reason to have a 
stuck plunger, or too loose a 
fit. You can have any desired 
fit by steps of .005”. 


Proper Pre-swelling 


Why run Martin Split Rings 
dry, when pre-swelling will 
get much better results? Even 
lube oil or grease will tighten 
them in the grooves, and when 
rolled down and tight you are 
assured of trouble free opera- 
tion. 


Complete, detailed instructions for 
using Martin Plungers are given simply and 


quickly in John N. Martin Catalog No. 4. All 
MARTIN PLUNGERS ARE SOLD 
THRU SUPPLY COMPANIES 


JOHN N. MARTIN 
Manufacturer 


9 W. BRADY e TULSA, OKLA. 


guess work is eliminated. You obtain proper ring 
size for a correct working fit, proper plunger 
length for your particular well, and proper 
pre-swelling of rings. I#’s a fact: — you have perfect 
results with Martin Plungers everytime — 

regardless of water or sand conditions —when you 
follow the simple instructions in John N. Martin 


Catalog No. 4. Write for it today. 
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...OR SHALLOW! 





WITH RUGGED 


LEEC. MOORE 


CANTILEVER MASTS 


There is a size for every depth re- 
quirement; from small doubles masts 
for shallow work up through the 
large heavy-duty sizes for record- 


breaking depths. 


LEE Cc. 


CORPORATION 


TULSA : SHREVEPORT : GREAT BEND : CASPER : NEW ORLEANS 

CENTRALIA ; DALLAS : HOUSTON : MIDLAND : PITTSBURGH 

EXPORT OFFICE: —ROOM 624, INTERNATIONAL BLDG... 630 STH 
AVE., NEW YORK 20, NEW YORK 


FOREIGN LICENSED MFR.; Oll WELL ENGINEERING CO. LTC 
CHEADLE HEATH, STOCKPORT, ENGLAND 





Continuous electrogalvanizing 
unit for CF&I Seamless Couplings. 


Cross section photograph of 


actual CF&I Seamless Coupling. 


QUALITY COUPLINGS FOR 
SEAMLESS CASING AND TUBING 


Rigid manufacturing standards, testing and re-testing 
are typical of the care CFal exercises from mine 
through manufacture. These manufacturing stand- 
ards assure Seamless Tubular Products of the 
highest quality. 

The stresses imposed on oil country tubing and 
casing joints demand exacting manufacturing controls. 
One requirement in obtaining quality joints is to 
have a tight seal between the coupling and the pipe. 
This can be obtained only if the couplings and pipe 
are manufactured under the strictest specifications. 


API Specifications require that all couplings must 
be processed to minimize galling. CFal electrogal- 
vanizes all couplings and exceeds this specification 
by carefully controlling the exact thickness of pure 
zinc—just enough zinc to prevent galling, but not 
enough to fill in the threads. This is just one example 
of the extra care which CF&l takes in the manu- 
facturing process of their Seamless Tubular Products. 

CFal Seamless Oil Country Casing and Tubing 
meets API STD 5A Specifications—in sizes from 
234” O.D. through 954” O.D. 


3894 


SEAMLESS TUBULAR PRODUCTS 
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JET SERVICES, 


e Fort Worth, Texas 
Midland, Tulsa, Ok.choma City, Denve 


Wichita 


WELEX 


1400 E. Berry Street 
DIVISION OFFICES: Houston 
SALES OFFICES: Dallas, Duncon 


DISTRICT OFFICES: Abilene, Ardmore, Beaumont, Corpus Christi 
Morgan, Great Bend, Hobbs, Houma, Houston, Lofayette, Loke Charles, Liberal, Odessa, Pampo 


Pauls Valley, Pawhuska, Plainville, San Angelo, Shawnee, Sherman, Snyder, Stillwater, Wichito 


Falfurrias, Farmington, Fort 


Falis, Winfield 





CANADA, EDMONTON, ALBERTA 
— with a complete line of fishing 
and cutting tools. Trained super- 
visors are available at all times in 
Canadian oil fields. 


NEW YORK CITY—with a com- 
plete export division. 


MEXICO CITY—with a full-time 
Homco employee handling equip- 
ment and services. 


These new locations, combined 
with Homco’s 41 branches in the 
United States, maintain Homco’s 
leadership and position as the 
World’s largest independent oil 
field supply and service organi- 
zation. 


Whatever you need in the oilfields 
— supplies — cutting or fishing — 
directional drilling — electrical well 
services —Homco has the men, the 
materials and the services near you 
to do the job and do it right. 


LARGES, t 
0 
%, 


oO hie 
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CANADA 


Fe 
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‘2, Whipstocks * Spud Bits * Deflecting Tools * Combination Jar and Key-Seat Reamers 


binkcrioxac Hole Openers * Mechanical Orienting Tools * Single Shots 
DRILLING Go-Devil Multiple Shot Instruments * Replaceable Blade Stabilizers 


FISHING AND CUTTING 
OILFIELD SUPPLIES 
>. 


HOUSTON ONL FIELD MATERIAL COMPANY. inc 


New York City, N. Y. 


ELECTRICAL WELL & iH @) M Cc ©) HOMCO mere Division 
SERVICE < 509 Madison Avenue 
& 
oe ¢ 


HOUSTON, TEXAS 
THE OIL INDUSTRY’S MOST COMPLETE SERVICE 





IN ADDITION TO THE NEW G-E TIMER... 


Check these 6 features of G-E oil-well 
Starters that help keep your wells flowing 


The new G-E combination timer is one 
of the many features of G-E oil-well 
starters that provide dependable pump 
ing of your wells. The timer provides 
program timing and automatic sequence 
restart after power failure. Check these 
other features that help keep your wells 
flowing: 


1, DISCONNECT switcH. A high interrupting 
capacity disconnect switch helps protect 
the starter against short circuits. Specifi 
cally built for this protection, the switch 
has double-break contacts on individually 
replaceable poles 


2. LIGHTNING PROTECTION. A 3-phase 
Thyrite* lightning arrester is connected 
to the disconnect switch with short leads 
to maintain arrester effectiveness. Ar 
rester is also connected directly to a 
grounding stud on enclosure side so that 
path of a ground is not through case 


3. CONTACTOR. Strongbox coil of con 
tactor is sealed against foreign material 
and accidental damage. Also, the heavy 
silver contacts are made for millions o 
operations. 


4. UNDERVOLTAGE RELAY. A high drop-out 
undervoltage relay better protects motor 
windings. If line voltage drops to approxi 
mately 70%, this relay opens the con 
tactor. Also, the starter will not energiz« 
the motor under ‘single-phase’ conditions 


5. WEATHER-RESISTANT ENCLOSURE. The 
enclosure finish protects against weather 
conditions and spreading rust from sur 
face scratches. The narrow shape of G-E 
starters resists wind, which may cause 
mounting brackets of wider enclosures to 
break. Also, with a dust-tight selector 
switch, dust can’t enter the switch and 
interrupt operation 


6. GASKETED INTERIOR. A neoprene gasket 
seals the main starter compartment 
against dust, snow, and rain. Dust can’t 
get in to affect relays, switches or othe: 
components. 


* Reg. Trade-mark of General Electric Company 


FOR MORE INFORMATION: 


Section C733-12 
General Electric Company 
Bloomington, Iilinois 


Please send me a copy of your new oil-well 
pumping bulletin GEA-6410. 

Nome 

Company 

Street 

City 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 


ee 








Gardner-Denver... Serving the World's Basic Industries 


4 Le 





Gardner-Denver air drilling compressor units on rig location in New Mexico. 


Come to Gardner-Denver 5 as 
first for expert 
engineering on air drilling 


Ready to tackle rotary drilling with compressed air? Let 

Gardner-Denver experience engineer the compressor capac- 

ity you’ll need. Gardner-Denver installations now in the 

field are backed by: 

Three generations of service to the drilling industry. 

Hundreds of booster compressor units in operation. 

Manufacturing experience with many compressor types and sizes. 

A specialized oil field assembly plant at Dallas. Keeping up the air pressure for effective 


air drilling. Close-up of pressure gauge 
Write now for details. on one of the units shown above. 


GARDNER - DENVER 


THE QUALITY LEADER IN COMPRESSORS, PUMPS, ROCK DRILLS AND AIR TOOLS 
FOR CONSTRUCTION, MINING, PETROLEUM AND GENERAL INDUSTRY 


Gardner-Denver Company, Quincy, lilinois — Gardner-Denver Export Division, 233 Broadway, New York 7, N. Y. 
In Canada: Gardner-Denver Company (Canada), Ltd., Winnipeg—Edmonton—Toronto 
Oilfield Offices: 
Datias, Houston, Tulsa, St. Louis, Los Angeles, New York, Pittsburgh, Denver, New Orleans, San Francisco, Kansas City 
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What about the bits for 
this location ? This is wildcat ter- 


ritory! But you know...from long experience... 
that Hughes bits of the right sizes, types and design 
will be ready for delivery before you spud in. 
The same is true of the other fifty thousand 
or more rotary wells to be drilled during the next 


twelve months. By working closely with the industry 


the Hughes organization determines, accurately and 


far ahead of time, the bit requirements for each 
drilling area...and the wildcats, too! 





THEY LOOK ALIKE... but 


theres a difference in their performance 


The two rock bits pictured here are ex- 
cellent examples of the fact that bits that 
may look alike don’t always perform alike. 

Both bits are similar in design. But 
changes have made the second bit a faster 
cutting, better-performing, more versatile 
bit...capable of drilling a wider range 
of formations. 

Hughes bits are undergoing constant 
improvement based on continuing re- 
search and the world’s greatest rock bit 
experience—over one billion feet of hole 
drilled in the past 47 years. That’s why 
you can depend on HUGHES bits to con- 


sistently drill more hole faster! 





“We operators learned about SIMULTANEOUS LOGS the hard way. 


.-- 930 TAKE A TIP FROM US”’ 





NOT Some Logs, in Some Places, 
But ALL PGAC LOGS, EVERYWHERE— 
ARE SIMULTANEOUS LOGS 


PGAC developed the Industry’s 


... and always have been... First simultaneous Logs. 


PGAC has used them since 1950 — 
years BEFORE others “intro- 


duced” them. 


and NOW — 


PGAC’s LEADERSHIP IS SUBSTANTIATED 

by the grant of THREE...yes, 3... NEW PATENTS 

No. 2740051...No. 2740052... No. 2740053 
.°° issued March 27, 1956, to PGAC 
"COVERING SIMULTANEOUS LOGGING 


When YOU Log or > 
Perforate Your Well .. . Play It Safe ) 
ALWAYS CALL PGAC / 


a 


PGAC 56) 


PP PERFORATING GUNS ATLAS CORPORATION 





Houston, Texas Telephone REpublic 4-165! 
G General Offices and Main Plant: 7730 Scoff Street — Sales Office: Melrose Building 
OIL A) CALL FOR PROMPT SERVICE— ALWAYS READY TO SERVE YOU 
TEXAS: Abilene — Alice — Beaumont — Bowie — Colorado City — Corpus Christi — Dallas — Fort Worth — Gainesville 
FIELD Graham — Houston — Longview — Midland — Odesso — Pampa — Tyler — Victoria — Wichita Falls. 
SERVICES OKLAHOMA: Ardmore — Healdton — Oklchome City — Pauls Valley — Pawhuske — Perry — Seminole — Tulse. 





LOUISIANA: Houme — Lofayette — Loke Charles — Shreveport. KANSAS: Great Bend — Liberal. NEW MEXICO: Hobbs. 


AFFILIATE COMPANIES: CANADA ~— Perforating Guns of Canada, itd.; Edmonton, Alberta 
GERMANY — Atlas Deutsch- Amerikanische Olfelddienst G. m. b. H.; Kiel VENEZUELA — Servicios Tecnicos Atlas, C.A., Ceracas 


What’s in it for YOU? 


a . 


a 17 
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Steady, dependable performance . . . that’s what you Join the thousands of satisfied owners who know 
expect and get with a versatile Bucyrus-Erie spudder you can count on Bucyrus-Erie spudders to deliver top 
performance year after year. See your nearby Bucyrus- 
Erie distributor or write for complete information on 
any of these spudders. Do it soon. 32856 


on your drilling and servicing operations. These mod- 
ern mobile rigs speed top-to-bottom drilling, drilling- 
in, or the multiple jobs included under servicing and 
well completion. They are designed to assure pace- 
setting performance hole after hole with quick easy 
moves, and reduced costs all down the line. They are 
buile to stand up to full-time diet of rugged duty. 


Such outstanding dependability — the backbone of 
true satisfaction — is the result of Bucyrus-Erie’s close 
attention to the little things through a skill born of 
pride and craftsmanship. At Bucyrus-Erie, quality 
comes FIRST — quality in design, in materials, in 
manufacture, in service. 


Top-to-bottom drilling to 1,500 ft.; Servicing 
x to 2,000 ft.; Swings up to 2,750 Ibs. of tools. 


Quality in the making: Ruggedness and durability are built 


Top-to-bottem drilling to 2,500 ft.; Servicing into the frames and derricks of Bucyrus-Erie spudders 
S through use of most modern electric welding techniques. 


ts 
| 
| 
| 


to 3,000 ft.; Swings up to 3,700 Ibs. of tools. 


36 [ Top-to-bottom drilling to 3,500 ft.; Servicing 
- 


000 ft. i t 000 Ibs. of tools. 
— ee ee SOUTH MILWAUKEE 


WISCONSIN 


Top-to-bottom drilling to 6,000 ft.; Servicing 
“I to 7,000 ft.; Swings up to 6,700 Ibs. of tools. 
a 
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Protect them with New Pitt,Chem 


TARSET’ 


Ricut now—as you read this—corrosion may 
be destroying thousands of dollars worth of 
your petroleum handling and storage equipment. 
It happens every day, as witness the photograph 
of the crude oil storage tank top, above. 

Now—for the first time—you can control these 
costly corrosion losses with a practical and 
relatively economical protective coating—new 
Pitt Chem “Tarset.” This revolutionary new 
approach to crude oil corrosion combines the 
best qualities of two of industry's most effective 
and proven protective materials—coa/ tar and 
epoxy resin. 

Tarset is the kind of a rugged, heavy dut 
coating you want. It will not shatter at —30° 
or soften at 400°F. It is easy to apply by brush, 
spray or roller and adheres so well that it is 
almost impossible to remove from metal. 


What's your crude oil corrosion problem? 
Our Pitt Chem engineers are ready to tackle it 
right now . . . and, if possible, come up with 
some dollar-saving answers for you. Write or 
call us today! 


COAL CHEMICALS * PROTECTIVE COATINGS © PLASTICIZERS * ACTIVATED CARBON COKE + CEMENT * PIG IRON 
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Two Parkersburg Sin- 
gle Tube Separators 
combined for two- 
stage separation. Top 
vessel: 16” x 10’ x 600 
Ibs. Bottom vessel: 24” 
x 10’ x 125 Ibs. 


" he mS 
a eve to 


- 
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DIVISION OF PARKERSBURG 


The PARKERSBURG 


Single Tube Separator 


The expert efficiency with which the 
Parkersburg Single Tube Horizontal Separator separates oil from 
gas makes it unequaled for production-saving performance in the 


field. 
For it is only with the Parkersburg Single Tube Separator 


that you get a slower gas flow that assures more natural separation 
- + + @ greater interface area that increases opportunity for oil to 
give up maximum amount of gas .. . a longer retention time that 
provides more time for the gas to be released from the oil. 


Furthermore, it is only with the Parkersburg Single Tube 
Horizontal Separator that you get the plus advantages of less freez- 


ing problems. . . easier cleaning . . . and easier unitization. 


Why not put this production-saving, separation expert to work 
for you? Your Parkersburg Representative has all the facts. 


= Pe Be 5 





3345 WINTHROP AVENUE 
L COMPANY FORT WORTH 16, TEXAS 
: AETNA CORPORATION 3620 








NO HANDS 
Needed 


to operate GUIBERSONS 
3-WAY GRIP '"F" 
Tubing Spider 


Here’s a tubing spider of advanced design that 
brings a new meaning to speed, efficiency and 
safety when running or pulling tubing. Your 
operator stands upright, and with slight pressure 
of the foot, operates the spider. He’s safe and clear 
from elevators and tubing, with hands free for 





other work. Fatigue is cut to a minimum — slips 
retract automatically when pedal is pushed down. 


Guiberson’s slips of advanced design, with more 
than a hundred heat-treated, cadmium plated 
teeth, put a quick, sure grip on pipe that holds 
any length tubing string. Slip teeth are long last- 
ing and when they eventually dull, they can be 
quickly replaced at a cost far less than sharpen- 
ing Guiberson’s 3-Way Grip Tubing Spider is 
designed to bring you the fastest operation in the 
field with less effort, greater economy and perfect 
safety. You spin joints on or off in record time. 
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Individual tooth action, with 
Perfect contact of each tooth 
on tubing, gives quick posi- 
tive setting and locks pipe 
against rotction either way. 


T 
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Three-point contact of the 
slips te the bow! provides 
automatic alignment and 
even load distribution, pro- 
tects tubing ond furnishes 





OW...a compact 75-200 bhp 
Packaged Compressor 


Designed by Clark 
for gas lifting 
or gathering 








FEATURES... 


BALANCED /OPPOSED 
COMPRESSOR DESIGN 
way vibrationless . . . a couple of 
yards of concrete wil! level it. 
DIRECT CONNECTED 
Eliminates belts or gear drives. 


ONE PIECE SKID 
Only 7’ 3” x 15’, rigid heavy “t” beam 
construction. 

CONSERVATIVE PISTON SPEED 
Lower than on most Clark stationary 
compressors. 

HEAVY DUTY RADIATOR 
Straight finned tubes. Easy to inspect or 
clean, inside or out. 

FACTORY ASSEMBLED AND TESTED 
No field assembly. Shipped as a com- 
plete unit. 

STANDARD ENGINE DESIGN 
Five makes of proved engine designs 
available. 

APPLICATIONS 
Use it for gas lifting, fas gathering, gas 


boosting, pipeline testing, recycle plant 
foe’ ‘other field services. 








CFA now on tour 


—in Oklahoma, Kansas, 
Colorado, Texas and Louisiana. 


Watch your newspaper for date 
and location of demonstration. 


B18 


You asked for this field compressor—as rugged, compact and 
perfectly balanced as the famed “Midget Angle” but of half 
the horsepower. 


Now you have it, in the new Clark Model CFA. Rated at 75-200 
bhp , this packaged unit is ideal for gas lifting or gathering. 


The CFA uses a new specially designed 5” stroke Balanced/Opposed 
compressor directly connected to a standard design gas engine. 
The compressor and engine, together with radiator, scrubber, etc., 
are mounted on a rugged steel skid measuring only 7’ 3” x 15’. 


The CFA is virtually vibrationless in operation because of its 
Balanced/Opposed action. In most cases the small amount of 
concrete used to level the unit will provide ample support. 

Direct drive eliminates the need for cumbersome belts and gears. 


Easily and speedily transported on an average size truck, this new 
field compressor can also be operated on truck or floating barge. 


The CFA is factory assembled, tested and shipped as a complete 
unit. Because of standardization the CFA can be shipped from 
stock in most instances. 


There is a Clark CFA specialist in your area to give you all the 
facts. If you require greater horsepower, ask him about the 
Clark HMA and HMAB. 


CLARK BROS. CO., OLEAN, N. Y. 
ONE OF THE DRESSER INDUSTRIES 
Offices in Principal Cities Throughout the World 


Packaged 
Compressors 
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“LIKE 10 GET 
EVERY FOURTH 
WELL FREE?” 


KEEP UP YOUR PRESENT DRILLING 
COMMITMENTS WITH LESS 
INVESTMENT PER WELL. USE A 
CASING HANGER. 


CASING 
HANGERS 


Nii 


Ma 


CEMENT 
> 
A “rule of thumb” estimate in the oil 4 


fields indicates that savings with Burns 
Hangers by eliminating overlapped casing, 
labor, rigging time, etc. average approxi- 
mately one-fourth the cost of completing a 


well. Your cement jobs come out perfectly . a 2 
urns Double Slip 


and uniform in thickness. Get the complete Hanger for Heavier, 
Longer Oi! Strings. 
story today. Check with us direct or consult Utilizes Burns pat- 
ait ented 100% contact 

a Burns distributor. sofety slips 


© BURNS 


TOOL COMPANY 


8346 SALT LAKE AVENUE — BELL, CALIFORNIA 


Burns Single Slip Mm. D. Pa Sears Se. Thorson Oil Tools, itd 


Hanger For Shorter Post Office Box 39* 
Strings. Utilizes Phones: DAvis 5-9453 or 5-3773 Edmonton, Alberto, Conod 
Save cent Odesse, Texas Telephone 393 

urns potented Phone: FEdero! 7-0749 
100% contact safety 
slips. ALSO SOLD THROUGH SUPPIiY § 


j Res es eye 
wercuegy 
Ceeeanue 


a 


7106 103rd Street 





CL 
Friends 





ever had... 


Through the years, suggestions of 
drilling contractors and drilling depart- 
ment personnel have been of great help in 
re-designing and improving 
BAKER DRILL PIPE FLOAT VALVES 
until today they are considered an old and 
trusted friend in the majority of drilling 
strings. 


This is the Baker Model “F” Drill Pipe Float Valve, FEATURES 


Product No, 4813—available at your supply store 


WHY THIS “OLD FRIEND” 
IS WELCOME ON DRILLING RIGS 


REVERSED SIDE SEALS 
prevent distortion of the seals by 
trapped fluid. 


MORE EFFECTIVE SEALING 


1. It eliminates plugged bits, and avoids pull- 
ing wet strings—no muss or fuss; 


2. A “float valve” in the drilling string is 
mighty cheap insurance in event the drilling 
string parts; 

3. The strong, simple valve is merely dropped 
into place, either in a recess in the drill collar, 
or in a Drill Pipe Float BODY at any point 
in the string; 


4. It is easily installed without tools or 
wrenches, and the inexpensive replacement 
parts are available at any supply store for 
servicing right on the derrick floor. 





The re-designed seal between the valve 
and the valve seat seals better—lasts 
longer—stays in place even under high 
eirculating volumes and high pressures. 


LESS SPRING TENSION 
reduces the cutting action of circulating 
fluid on the valve seal and seat. 

GUIDE POSITIVELY ANCHORED 


The valve guide is held securely in 
place by a set screw. 


Ly Y Y } 
© | s/s) 


hs 


BAKER Offi TOOLS, INC. HOUSTON ~« LOS ANGELES + NEW YORK 


4 
BAKER DRILL PIPE FLOAT VALVE 





Big Savings Offered by... 


NEW TRIPLE COMPLETION 
TECHNIQUE 


High-pressure completion with parallel string of 234-in. tubing cuts cost of deep 
development well in South Louisiana. Idea will make thin sections profitable. 





Royal W. Reiss 
Aluminum Company of America 
Houston, Texas 


A SUCCESSFUL high-pressure triple 
completion technique used successfully 
in south Louisiana may point the way 
to sizeable savings for oil companies 
operating in deep, multiple pay-zone 
fields. Moreover, it may seem that 
many thin reservoirs—heretofore non- 
commercial—can be produced profit- 
ably, thus materially adding to the na- 
tion’s reserves. 

In addition, this type completion 
saves steel which is important during 
the present critical shortage, and it per- 
mits reservoirs to be depleted uni- 
formly within the life of the casing and 
other related equipment. 

This multiple well is Aluminum 
Company of America, Mining Divi- 
sion Levert St. John No. 1 in the Sec- 
tion 28 field, St. Martin Parish in south 
Louisiana. It was completed in three 
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Three flow lines spread out from tree of world's first deep, high-pressure triple 
completion in Alcoa Mining Division's discovery well in St. Martin Parish, 


Louisiana. 


high pressure pay zones with three 
parallel strings of 2 %-in. tubing run 
inside 9 %-in. casing. Thanks to spe- 
cial packers developed for Alcoa by 
Brown Oil Tool Incorporated and a 
triple tree developed by McEvoy Com- 
pany this triple completion is a model 
of simplicity. 

In this instance, casing was set and 
cemented at 12,646 ft (9%-in was 
used to permit deeper drilling) and 
three pay zones at 11,420, 12,208 and 
12,404 ft were perforated and drill- 
stem tested in the usual manner. A 
stinger type retrievable packer was set 
above the bottom perforations with 
drill pipe. Next, a 2%-in tubing string 
was made up with a seal assembly on 
bottom and two packers spaced to set 
above the middle and top perforations. 

After this string has hung in the 
tubing head and sealed into the bottom 


packer, a second string of tubing was 
run through and sealed in the upper- 
most packer as well as being latched 
into and sealed off in the middle packer. 
Then a third string of 2%-in. was 
latched into and sealed off in the upper 
packer. Thus, the three pay zones were 
isolated by packers and each had an 
individual string of tubing running to 
surface through the mud-filled annulus. 

The final step in completion was to 
set a triple valve and triple tee Christ- 
mas tree and remove the three tubing 
plugs which were installed after the 
mud in each tubing string had been 
displaced with water before it was 
sealed into its packer. 

This type completion is so simple 
and so easy to effect that it is safe to 
predict that multiple completion of 
four or more zones is not too far in the 
future. 
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Advantages of Triple Completions 


Lower development weil cost. 
The principal advantage is simply one 
of economics— one dual well will 
replace two single completions at a 
fraction of the cost of the second well. 
Obviously, one triple can serve the 
same purpose as three singles, or two 
triples will equal three duals, ets. Al- 
though percentage-wise, triple comple- 
tions compared to duals on a cost basis 
are not as favorable as a dual over a 
single, the saving is still substantial 
Many factors such asthe number of pay 
zones present, thicknesses of sands, 
well location (water or land), depth of 
well, daily deliverability in case of gas, 
well spacing and conservation practices 
affect the overall economic picture so 
that it is impossible to establish general 
comparative development costs. All 
controlling factors must be considered 
for each individual field to arrive at 
the optimum number of wells to be 
drilled and number of completions to 
be made. However, it is quite conclu- 
sive that where it is possible to make 
them, multiple completions—dual, 
triple or otherwise—will materially re- 
duce development costs. Initial invest- 
ment is increased by the cost of the 
additional packers, tubing strings, and 
special tree, but this is more than off- 
set by reduced operating costs and in- 
creased initial productive capacity. 


Makes thin reservoirs com- 
mercial. It has been conventional 
practice in multi-zone fields to set cas- 


infi through all productive sands and 
then successively produce them to de- 
pletion fro mthe bottom to top. Perma- 
nent type completion has helped re- 
duced the workover costs involved in 
such a program, but moving equipment 
in and out is still necessary. Where 
multiple completions are made, the 
zones are tested and all remedial work 
is performed during the initial comple- 
tion. Thus it becomes feasible to test 
and complete thin sand sections be- 
cause this initial expense can be writ- 
ten off at the beginning, and practically 
no operational expense is involved — 
three zones can be flowed as cheaply 
as one. Whereas in a single completion, 
if the main sand body (or in case of a 
dual completion, two sand bodies) has 
been depleted, a remaining minor zone 
might have to be abandoned because of 
excessive operational costs. 

Where multiple completion prac- 
tices are used, many new productive 
sands should be discovered because a 
more thorough testing program prob- 
ably would be followed. Experience 
has taught that many thin sand reser- 
voirs, neglected in the past, are more 
productive than originally expected. 
Thus multiple completions should add 
materially to our reserves and imme- 
diate deliverability of gas and oil will 
be increased. 

Saves steel. It is quite obvious that 
if one string of casing does the work 
of three, the result is a substantial sav- 
ings of a presently critical material-ie 


steel. In the case of Alcoa’s Levert St. 
John No. 1, three strings of 2%-in. 
OD tubing were used inside 9% -in. 
casing. This large casing was set toserve 
as a protective pipe during wildcat 
drilling. Later wells have been equipped 
with 75%-in. casing in which it will be 
possible to make triple completions 
using 1.9-in. O D tubing or a newly de- 
signed 2 1/16-in. OD tubing. A further 
savings will be effected through the re- 
duced size of the packers and well head 
equipment. 

Permits depletion. The length 
of time that a string of casing will serve 
its intended purpose is definitely 
limited. Of necessity, the productive 
life of all wells is being prolonged 
because of economic conditions over 
which we have little control. There- 
fore, in the case of multiple zone 
fields, the casing may not last long 
enough to permit the zones to be de- 
pleted separately. Multiple com- 
pletions supply the logical answer. 
This is especially true in the case of 
wells located in the water where cor- 
rosive conditions make it desirable to 
produce the wells as rapidly as good 
engineering practices will permit. Paral- 
lel tubing strings prevent well fluids 
which might be corrosive from coming 
in contact with the casing. 

From the advantages listed above it 
is readily apparent that if multiple 
completions are used wisely, oil can be 
produced into the tanks and gas into 
the pipe lines at lower costs. 





Details of the Completion Technique 


Long before this high pressure triple 
completion was attempted, Alcoa en- 
gineers worked out the basic plan for 
the venture. The number one consid- 
eration was that the completion should 
be simple from start to finish. Conven- 
tional equipment should be used where 
possible. Three packers were to be set 
in the casing—each above a productive 
zone—with an individual tubing string 
running to the surface, thus allowing 
full opening to all zones. The three 
strings of tubing were to be run individ- 
ually with the middle and upper zone 
packers made up into the long tubing 
string. Tubing from both upper and 
middle zone packers should be de- 
signed so that each string could be 
pulled independently with the other 
two strings in place. Above all, the 
well was to be under control at all 
times during completion; and after 
completion, all three zones were to be 
isolated despite pressure differentials 
within the casing. 

Once thegeneral plan had been set, 
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Alcoa called in engineers from Brown 
Oil Tool Incorporated and from Mc- 
Evoy Company to work out the equip- 
ment design. Much of the credit for 
this new development goes to these 
two companies. Following is a de- 
scription of the packers and Christmas 
tree that made this innovation possible. 

Stinger type retrievable 
packer. (Fig. 4B) This packer 
(Brown Model RS-1) was designed for 
service above the lower production 


zone. It is mechanically set by raising 
and lowering the setting toolon thedrill 
pipe which shears pins to allow internal 
cones to force the slips outward against 
the casing. In addition to the top and 
bottom cups which seal against the 
casing when differential pressure is ap- 
plied, a lead and rubber seal expands 
against the casing when weight is set 
on the packer. 


Seal-off packers. (Fig. 4A) 
These two packers (Models DS-8-2 and 





Aluminum Company of Ameri- 
ca’s Mining Division has pioneered 
multiple completions using parallel 
tubing strings, making the first dual 
completion late in 1952 with two 
2%%-in. strings. Less than a year 
later, the company made a triple 
completion using parallel tubing 
strings run through a mud-filled an- 





Alcoa Pioneered Multiple Completions 


nulus. Alcoa’s first deep high-pres- 
sure triple completion with parallel 
tubing strings has changed the think- 
ing in regard to lower development 
costs, especially in thin marginal 
sands. The latter can be produced in 
multiple-completed wells for little 
extra investment and for negligible 
operating costs. 
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FIG. 1. Triple completion is simple. (1) Lower packer set by drill pipe. (2) 
Middle zone and upper packers run in on first 2-in. tubing; mud displaced from 
tubing. (3) Upper end of tubing plugged and stinger run in lower packer. Second 
tubing string run through upper packer and mud displaced with water; tubing 
plugged. (4) Second string landed. Note seal assemblies lodge in packers. Last 
string run, mud displaced. (5) Tubing plugged in landing collar, stinger lowered 
and latched. 








FIG. 2. Top upper zone packer, 
with three strings extending out 
top; two out bottom. 


FIG. 3. Middle zone packer, with 
two strings up; one string down. 


FIG. 4. Lower zone packer, with 
one string up and a stinger below. 











DS-8-3) are designed to set above the 
middle and upper zones. They are made 
up in the long string of 2%-in. tubing 
which sets in the bottom packer. These 
two packers have seal cups at top and 
bottom which seal against the casing 
when differential pressure exists. Hold 
down slips which are molded into the 
rubber cups are also set by the differen- 
tial pressure thus preventing the packers 
from moving in the casing. The middle 
zone packer has two holes in it. One 
is threaded to permit the packer to be 
made up on external upset tubing. The 
other hole is designed so that the mid- 
dle zone production tubing string will 
latch into it and seal off. The upper 


packer has three holes: one for make 
up into the long string of tubing; one 
to let the second string run through 
and seal when the tubing reaches the 
middle packer; and a third hole to 
allow the upper zone production string 
to latch into it and seal off. 


Seal assemblies. These multir- 
ing seal assemblies are a series of spec- 
ial seals mounted on a mandrel which 
is designed to fit snugly into the packer 
and effect a seal between the inside of 
the packer body and the mandrel. The 
seals are designed and manufactured 
especially for Brown Oil Tool, Incor- 
porated, by John Mansfield Company 
and are made of a special heat resist- 


ant, resilient material which cannot be 
damaged by any of the well fluids. The 
trade name of the seal is “uneepac.” 
The design is such that a seal will be 
effected if at least two of the seals are 
located in the packer body. 

Triple casing hanger. This in- 
novation is shown in detail in an ac- 
companying illustration. 

Tubing plug. This retrievable plug 
is made to seal off the tubing after 
the mud inside has been displaced by 
water just before each string of tubing 
is successively set. The plug can be re- 
trieved through the tree when the well 
is ready for bringing-in. 





Triple Completion Step by Step 


In order to explain this technique, 
the completion of Alcoa’s Levert St. 
John No. 1 will be discussed, step-by- 
step. After deeper drilling had dis- 
proved the possibility of additional gas 
or oil production, the drilling rig was 
moved off location. When the comple- 
tion equipment was available, a work- 
over rig was moved in and an alumi- 
num plug set at 12,509 ft. Individual 
drill stem tests were made at the fol- 
lowing intervals: 11,436 to 11,441; 
12,215 to 12,225 and 12,343 to 12,444 
ft. The triple completion was then 
started: 


Step 1. (See accompanying illu- 
strations.) A stringer type retrievable 
packer was set above the bottom per- 
forated interval with drill pipe, and the 
drill pipe was removed and laid down. 


Step 2. The first string of tubing 
was made up and started in the hole. 
On bottom there was the seal assembly 
which would set and seal in the pre- 
viously set packer. The two upper 
packers were made up in the string 
and spaced to set above the middle 
and upper perforations. As stated 
above, the top packer has three holes 
and the middle packer two holes. The 
two holes in the middle packer have 
the same relative position as the cor- 
responding holes in the top packer. 
Therefore, when the top packer is 
made up in the string so that it will 
go into the casing without torque in 
the tubing between the packers, the 
holes will be lined one over the other 
and cannot change their relative posi- 
tions. This feature is not too important 
where distance between the packers is 
great. 

The tubing was run through three 
blowout preventers —two ram type 
and one dual purpose preventer. After 
the upper packer had been made up 
into the string and lowered into the 
c.sing, the tubing hanger was stripped 
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over the tubing so that the tubing was 
in the correct hole and lowered through 
the preventers into the tubing head 
with rods and locked in place. This 
hanger is positioned in the tubing head 
by a set screw so that when the scribe 
marks on the hanger flange and the 
valve flange are lined up, the produc- 
tion from the lower zone will be con- 
trolled by the lowest valve. Also the 
middle valve controls the middle zone 
and the top valve the top zone. It was 
necessary to turn and line up the top 
packer with the tubing hanger in order 
to position the hanger properly. The 
importance of this alignment cannot 
be determined; however, it is recom- 
mended that this procedure be fol- 
lowed in order to eliminate the neces- 
sity of the tubing strings crossing over 
one another. 

The proper space nipples were put 
in the string and the landing collar 
was made up on the top joint. Just be- 
fore the landing collar was lowered 
through the rotary, a special manifold 
was attached and the mud was dis- 
placed from the tubing. A McEvoy- 
Otis tubing plug was hydraulically set 
into the landing collar to sea! the 
tubing as shown in the accompanying 
illustration. 


Step 3. The tubing was then low- 
ered into the bottom packer as the land- 
ing collar seated in the hanger. The lat- 
ter was sealed in the hanger with an 
“O” Ring arrangement as shown in the 
drawings. 

A second string of tubing was then 
run. As shown in the drawings, a spe- 
cially designed kick-over end was 
placed on the bottom seal assembly. 
The upper end of the top packer is 
sloped so that the assembly will slip 
easily into one hole or the other. If 
the assembly enters the wrong hole, it 
will become latched when lowered far 
enough. Should this happen, it is easy 


to pick back up, turn the tubing to un- 
latch it and continue to turn it 180 deg. 
Then when it is again lowered, the 
over shoe will direct it into the proper 
hole and the rest of the second string 
can be run. Just before this string 
reaches the middle zone packer, the 
mud is displaced and the tubing is 
plugged as before. 


Step 4. The second string of tub- 
ing was set and the third string was run 
in the hole. Mud was displaced as be- 
fore and the plug installed. 


Step 5. The upper string was 
latched into the upper packed and the 
well was ready for the tree. The pre- 
venters were removed and seal nipples 
were made up into the landing collars 
and the triple valve set down over them 
and sealed. All connections of the tree 
were hydraulically tested to 5000 psi 
and no leaks found. The plugs were 
removed from each tubing string but 
it was necessary to swab all three zones 
before they started flowing. All zones 
were flowed to the burning pit at the 
same time while cleaning. 

After the rig had been moved out, 
production tests were made together 
with packer leakage test using subsur- 
face pressure gages to establish that 
fact that no communication existed be- 
tween zones. The lower two comple- 
tions are gas distillate wells and have 
remained shut-in. The top completion 
is an oil and is now on production. 





World’ Record? 

Alcoa’s triple completed Levert 
St. John No. 1 has 35,949 ft tubing 
in the hole. This is probably the 
world’s longest production string in 
any one well. The well produces into 
what is probably the world’s first all 
aluminum tank battery. Piping, 
valves, fences and operating plat- 
forms are aluminum. 
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RUNNING MANIFOLD 


FROM PUMP 
THRU CONDUIT VALVE 


UBING PLUG 


LANDING COLLAR 


-3,' ~Y 
—2 % TUBING 


BLOWOUT 
PREVENTER 


s» TUBING HEAD 


FIG. 5. Displacing mud from tubing. Before stinger 
enters packer, landing collar spaced at top of string. Valve 
attached, and pump displaces water from tubing. Running 
manifold (center) attached, valve opened and special tubing 
plug hydraulically lowered into landing collar. 


FIG. 6. Triple valve installed on tubing head after all three landing collars 
are inside tubing hanger. “‘O"' rings provide temporary seal. Pack-off nipples 


made up into landing collar and triple valve seated on head. 


TRIPLE VALVE 





Well head assembly valve at lower right is for casing 
annulus. Note three valve wheels on triple valve (center). 
Lower wheel controls lower pay; middle valve for middle 
zone; and upper valve for upper zone. Three wing valves at 
top control flow. 


All Aluminum Tank Battery 

In the accompanying picture, the 
tank battery in service at the Levert St. 
John No. 1 has all the appearances of 
a standard battery. What is not evident, 
is that the tanks, walkways, piping, 
valves, Victaulic couplings and even 
the chain link fence are all made of 
aluminum. The use of light-weight cor- 
rosion resistent aluminum pipe for 
temporary fuel lines has gained wide 
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spread approval in the oil industry dur- 
ing recent months. It is felt that the 
proper application of aluminum can 
help solve other problems in the field. 
Therefore, this battery was built of 
conventional design with aluminum 
alloys so that an economic study could 
be made under actual field conditions 
in direct comparison with standard 
steel construction. “et 
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THE PETROLEUM ENGINEER’S ‘‘Summer’”’ 


DRILLING RIG LOCATOR 


The THIRD comprehensive directory of contract ROTARY 
and CABLE TOOL drilling rigs in the U. S. and Canada. 
Here’s what it contains: 


The industry's third exclusive directory of contract drilling 
rigs is the largest and undoubtedly the best that has ever been 
published. It has grown from an idea back in the summer of 
1955 into reality with publication of the first undertaking of 
this type anywhere last October. More ideas and suggestions 
came in from contractors and operators on how it could be 
improved. Many of these ideas were incorporated in PE’s 
Spring RIG LOCATOR published last March. Following 
this second exclusive directory, other suggestions were made 
by those for whom the directory is published. Some of these 
have been incorporated into this Summer RIG LOCATOR, 
making it considerably more usable and improving its con- 
tents. 

For the first time, cable tool rigs are listed separately. This 
was done for a very good reason. More cable tool rig con- 
tractors desired to have their equipment listed in the directory. 
But, specifications for essential data on this type rig were not 
similar in most cases with those for rotary rigs. For example, 
cable tool rigs have no mud pumps, and their drilling depth 
is not rated with 4%-in. drilling pipe. Hoisting equipment is 
not referred to as a drawworks. After consulting with cable 
tool contractors and manufacturers, a suitable list of cable tool 
rig specifications was set up. Top-to-bottom drilling was sub- 
stituted for rated drilling depth with 4'-in. drill pipe. Horse- 
power of driving engine was used in place of horsepower 
available to the drawworks. Cleanout and workover depth 
capacity was substituted for data on mud pump horsepower. 

The Summer RIG LOCATOR is divided into two main 
parts: U. S. Drilling Contractors and Canadian Drilling Con- 
tractors. An alphabetical list of U.S.contractors is given ahead 
of the rig directory for U. S. rigs. Rotary rigs are listed sep- 
arately from cable tool rigs. The same format is fol- 
lowed for Canadian contractors and rigs. At the end of the 
directory is listed some contract rigs operating outside the 
U. S. and Canada. Although no attempt was made to obtain 
data of rigs operated in foreign countries, several contractors 
listed a few rigs working outside the U. S. and Canada. These 
are shown at the end of the directory. 

How to use the RIG LOCATOR. Locations of rigs are 
shown by states and counties in the U. S. and by provinces 
and areas in Canada. If you are interested in a certain size 
rotary rig in Osage County, Oklahoma, look under the section 
on U. S. rotary rigs for Oklahoma and Osage County. In this 
section, only the drilling contractor’s name is listed. Once you 
have located the size rotary rig suitable for your purpose, and 
have learned the contractor’s name, turn to the alphabetical 
listing for U. S. Drilling Contractors and find the contractor's 
home office address. 

Your ideas invited. The principal idea behind this and past 
RIG LOCATORS is to provide the operator with a handy 
reference that will enable him to quickly locate the size and 
type of rig needed for a particular job in a given area. This 
third directory is considerably improved over previous direc- 
tories, ana is the result of suggestions made by users and con- 


B-26 


Contractor’s name and address. 
Rig number or name. 

Type power and fuel. 

Total hp on all main mud pumps. 
Make and model of drawworks. 
Hp available to the drawworks. 
Rated drilling depth. 

State and county location. 


tractors. It is designed to help you, and any further ideas on 
its improvement will be most welcomed. You are cordially 
invited to send your comments, ideas, suggestions and criti- 
cisms to: RIG LOCATOR Editor, THE PETROLEUM 
ENGINEER, P. O. Box 1589, Dallas 21, Texas. 
Abbreviations used. In the Spring RIG LOCATOR pub- 
lished last March, a new column was added at the request of a 
number of operators. It was: “Drawworks make and model.” 
This information is carried in the Summer RIG LOCATOR 
published here. In order to save space, it has been necessary 
to abbreviate the manufacturer’s name of drawworks. Some 
of these abbreviations are well known; others had to be made 
to fit the available space. Here’s the code we have used: 
Abbreviation 
Allis Chimrs 


Amer 
Ansaldo 


Manufacturer's Company Name 
Allis Chalmers Manufacturing Co. 
American Iron & Machine Works 
Ansaldo 
Beaumont Iron Works Co. 

(Div. of American Locomotive Co.) 
Bethlehem Supply Co. 
Big Four Machine & Supply Co. 
The Brewster Co., Inc. 
Bucyrus-Erie Co. 
Cardwell Manufacturing Co., Inc. 
Clark Brothers Co., Inc. 
Fred E. Cooper, Inc. 
Cummins Engine Co., Inc. 
Emsco Manufacturing Co. 
George E. Failing Co. 
Franks Manufacturing Corp. 
General Machine Co. 
Hacker Machine & Supply Co. 
Hopper Machine Works, Inc. 
Houston Tool Co. 
Ideco (One of the Dresser Industries) 
Ingersoll-Rand Co Ingersoll 
Jones, Shelburne & Guffey Co. JS&G 
Joy Manufacturing Co. Joy 
Mayhew Supply Co., Inc. Mayhew 
Lee C. Moore Corp. L C Moore 


BIW 
Beth 

Big Four 
Brwstr 
B. Erie 
Crdwil 
Clark 
Cooper 
Cummins 
Emsco 
Failing 
Frnks 
Gen Mach 
Hacker 
Hopper 
Hou 
Ideco 
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Muskogee Iron Works MIW _ Wichtex Machinery Co., Inc. Wichtex 
Ihe National Supply Co. Nat] Wilson Manufacturing Co., Inc. Wisn 
Oil Well Supply Division It was necessary in some cases to use other abbreviations 
(U. S. Steel Corp.) Oilwell showing certain rig specifications. These are: 

Reich Reich steam stm 
Spencer-Harris Machine & Tool Co. Spencer gasoline : gaso 
Stardrill-Keystone Co. Star diesel dsl 
Texas Iron Works, Inc. TIW butane btne 
Unit Rig ¢ Equipment Co. Unit propane prop 
Wagner Morehouse, Inc. Wenr. Mrhse _ electric elec 
Walker-Neer Manufacturing Co., Inc. Wikr-Nr 

Waldrip Engineering Co. Wildrp Rated drilling depth for rotary rigs is based on 44 -in. drill 
Well Machinery & Supply Co., Inc. Ft. Wrth pipe. In some cases, this rated drilling depth is with another 
Wheeling Machine Products Co. Wheeling size drill pipe. If the rating is by drilling pipe other than 
The Wheland Co. Whind 4'2-in., it is shown at the depth in feet/whatever size drill 
Wichita Tool Supply Co. Wich pipe used for that particular rating. 


U. S. DRILLING CONTRACTORS 
ROTARY AND CABLE TOOL 


ALPHABETICAL LISTING 


Acacia Drig Co 
P O Box 88! 
Tulsa Okla 
Ace Drig Co 
1800 Republic Nati Bk Bidg 
Dallas Tex 
Adkins Drig Co Inc 
Box 724 
Great Bend Kans 
Ainsworth Inc 
1002 Union National Bank Bidg 
Wichita Kan 
Alan Drig Co 
807 Oil and Gas Bidg 
Wichita Falls Tex 
Aldridge and Stroud Inc 
Box 962 
Odessa Tex 
Alien Drig Co 
4410 Venable Ave 
Charleston 4 W Va 
Allen & Morris 
820 Alamo Nationa! Bidg 
San Antonio Tex 
Alvon Drig & Exploration Co 
Box 201 
San Angelo Tex 
American Drig Corp 
Box 177 
Groham Tex 
Duke Anderson Drig Co 
Box 379 
Oklahoma City Okla 
Anschutz Drig Co Inc 
1411 Mile High Center 
Denver Colo 
An-Son Drig Co 
Box 1373 
Oklahoma City 18 Okle 
Appell Drig Co 
Box 330 
Alice Tex 
Appling Drig Co Inc 
Box 69 
El Campo Tex 
Ardee Oil Co 
2509 Washington Ave 
Evansville Ind 
Armstrong Fowler Inc 
929 Oleander 
Bakersfield Calif 
Arrow Drig Co 
407 Philtower Bidg 
Tulsa Okla 


Ashby Drig Co Ltd 
738 Meadows Bidg 
Dallas Tex 

B & B Drig Co 
Whitlash Mont 

B. J. & M. Drig Co Ltd 
160 S$ Fairfax Ave 
Los Angeles Calif 

B & W Drig Co 
532 S$ Liberty 
Okmulgee Okla 

Badger Drillers Inc 
Box 287 
Tulsa Okla 

Baird & Pfeifer Drig Co 
505 Kittredge Bidg 
Denver Colo 

Baker-Munday Drig Co 
114 E Sth St 
Tulsa Okla 

Baker & Taylor Drig Co 
712 First Natl Bk Bidg 
Amarillo Tex 

Doris Ballew Inc 
Box 561 
Natchez Miss 

Bar-Lee Drig Co 
4129 S Peoria Rm 205 
Tulsa Okla 

Barry Well Drig Co 
Fallon Nev 

Basin Drig Co Inc 
322 St Ann St 
Owensboro Ken 

Bass Drig Co 
905 San Jacinto Bidg 
Houston 2 Tex 

Harry Bass Drig Co 
1403 Magnolia Bidg 
Dallas Tex 

Bateman Drig Co 
601 Texas Co Bidg 
New Orleans la 

Bauman Drig Co 
Gulf Stotes Bidg 
Dallas Tex 

Bay City Drig Co inc 
Box 1389 
Bay City Tex 

Beckman Inc 
Box 1524 
Muskogee Okla 

Bennett Drig Co 
1381 E 26th St 
Tulsa Okla 
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Bennett & Roberts Drig Co 
Drawer 633 
Russell Kan 
Berry Drig Co 
Box 97 
Saint Jo Tex 
Big Chief Drig Co 
Box 8837 
Oklahoma City Okla 
Big Seven Drig Co 
311 Wright Bidg 
Evansville Ind 
Big X Drig Co Inc 
2905 First National Bidg 
Oklahoma City Okla 
Bilbo-Redding Drig Co inc 
Box 203 
Houston Tex 
Black Hills Drig Co Inc 
218% W Main 
Newcastle Wyo 
Blackstock Bradley & Dietz inc 
First National Bidg 
Oklahome City 2 Okle 
Blanton Drig Co 
Gulf Bidg 
Houston 2 Tex 
Bolin Oil Co 
1120 Oil & Gas Bidg 
Wichita Falls Tex 
Brack Drig Co Inc 
Box 575 
Fort Collins Colo 
Brannon & Murray Drig Co 
Box 672 
Coleman Tex 
Brantly Drig Co Inc 
109 Capitol Bidg 
Midland Tex 
Branyon Drig Co 
Box 166 
Cushing Okla 
C E Brehm Drig 
Box 368 
Mt Vernon Iii 
Brewster-Bartie Drig Co inc 
1912 Esperson Bidg 
Houston Tex 
Brinkerhoff Drig Co 
807 Denver Club Bidg 
Denver 2 Colo 
J E Brogden Sr 
Gilbertown Ala 





Zach Brooks Drig Co 
Box 31 
Ei Dorado Ark 
Curt Brown Drig Co 
405 Triangle Bidg 
Powhuska Okla 
Layton Brown Drig Co 
Box 185 
Woodsboro Tex 
Brown & Martin Drig Co 
Box 731 
Gainesville Tex 
Brown & Thorp Drig Co 
Box 1358 
McCamey Tex 
Bryant-Hayward Drig Co 
Box 4627 
Oklahoma City Okla 
Harry T Bryant Drig Co Ltd 
3007 Buffalo Dr 
Houston 19 Tex 
Buick Drig Inc 
Box 331 
St John Kan 
Bullard Drig Co Inc 
Melrose Bidg 
Houston Tex 
A. ©. Bullock Drig Co 
Box 821 
Casper Wyo 
Burger Drig Co 
Box 327 
Coleman Tex 
Burnham & Robinson Drig Co 
4045 N Market St 
Shreveport La 
Bury Drig Co 
Box 316 
Princeton Ind 
Butler County Drig Co 
1022 Union National Bank 
Wichita Kan 
Butier-Johnson Inc 
Box 306 
Shreveport La 
Buzzini Drig Co 
541 Milam Bidg 
San Antonio 5 Tex 
B G Byars Drig Co 
319 Citizens Bank Bidg 
Tyler Tex 
CB Drig Co 
323 Petroleum Bidg 
Abilene Tex 
CH & C Drig Co 
Box 4278 
Oklahoma City 9 Oklo 
C-P Drig Co 
Box 1821 
Pampa Tex 
Cactus Drig Corp cf Texas 
Box 348 
San Angelo Tex 
Calco Drig Co 
805 Sinclair Bidg 
Fort Worth Tex 
Calvan American Inc 
Box 284 
Robinson Ili 
Calvert Drig Inc 
204 S$ Fair St 
Olney Ill 
Camay Drig Co 
Box 391 
Compton Calif 
Camden Drig Co 
Sinclair Bidg 
Fort Worth Tex 
Canter Drig Co 
833 Main St 
Mt Vernon Ill 
J G Cantrell Drig Co 
Box 1016 
Ada Okla 
Frank Caraway Drig Co 
Box 982 
San Angelo Tex 


B-28 


Cardinal Drig Co Inc 
1192 Dudley Dr 
Shreveport La 

Cardinal Drig Co 
420 Fourth St 
Bismark N D 

Carmack Drig Co 
1008 Mile High Center 
Denver Colo 

Carpenter-Trant Drig Co 
203 C A Johnson Bidg 
Denver Colo 

Carper Drig Co Inc 
200 Carper Bidg 
Artesia N M 

Carter Beveridge Drig Co 
816 Howard Ave 
New Orleans la 

Carter-Jones Drig Co 
Box 1597 
Kilgore Tex 

Central Drig Co 
704 10th St 
Lawrenceville Ill 

Central Drig Co 
Box 44 
Fairfield Ill 

Chambless-Rosen Drig Co 
Box 4294 
Oklahoma City Okla 

Chessher Sutton & Davis Drig Co inc 
557 San Jacinto Bidg 
Houston Tex 

Cecil Chisler & Son 
Route 2 
Fairview W Va 

Circle Drig Co Inc 
Pioneer Bidg 
Lake Charles ‘a 

Dan L Clark Drig Co 
1101 Wilson Bidg 
Corpus Christi Tex 

Clark Drig Co 
Box 1743 
Billings Mont 

Clark Fuel Prod Co 
Box 473 
Mission Tex 

Claybrook Drig Co Inc 
Box 718 
Wewoka Okla 

Claypool Drig Co 
St Elmo Ill 

Clegg & Hunt 
715 Houston Club Bidg 
Houston Tex 

Clinch Drig Co 
Box 24 
Jackson Miss 

Coastal Drig Co 
Box 608 
Bakersfield Calif 

Collier Drig Co 
Box 798 
Artesia New Mexico 

Compagmia Industries 
Metanifere E Affine 
(Rome Italy) 

Box 2012 
Tyler Tex 

L B Conner 
Box 1021! 

Denver Colo 

Conrey Drig Co 
328 East Broadway 
Centralia Ill 

Conroe Drig Co 
Drawer 1741 
Corpus Christi Tex 

Continental Drig Co Ltd 
Box 1767 
Midland Tex 

R A Cooper Drig Co 
711 Hulman Bidg 
Evansville 8 Ind 

Coppinger Drig Inc 
320 Union National Bank Bidg 
Wichita Kan 


Coreco Drig Co 
2807 Mercantile Bk Bidg 
Dallas Texas 

Cortez Drig Co 
1700 Broadway 
Denver Colo 

J C Crain Drig Co 
Wilson Bidg 
Daiias Tex 

Crawford Drig Co 
Box 622 
Shreveport La 

Cree Drig Co inc 
Box 1821 
Pampa Tex 

Creekmore Drig Co 
809 Thompson Bidg 
Tulsa Okla 

Milton Crow Inc 
Commercial Natl Bk Bidg 
Shreveport La 

Crowe Drig Co 
211 Perkins Bidg 
Duncan Okla 

Crown Drig Co of Tex 
2107 Bk of So West Bidg 
Houston Tex 

Sam E Crump Drig Co 
408 Union Bidg 
Midland Tex 

Curtis & Lomax Drig Co 
Box 584 
Midland Tex 

D-K Drig Co 
203 Leggett Bidg 
Midland Tex 

D & M Drig Co Inc 
Box 247 
Great Bend Kan 

DM & R Drig Inc 
Box 734 
Garber Okla 

Clark Dale Drig Co Inc 
Box 788 
San Angelo Tex 

Danforth Drig Co 
418 Kennedy Bidg 
Tulsa 3 Okla 

R A Davenport Drig Contr 
211 Perkins Bidg 
Duncan Okla 

Davidson Drig Co Inc 
1004 Continental Life Bldg 
Fort Worth Tex 

Edgar Davis Drig Co 
717 Citizens Bk Bidg 
Abilene Tex 

Harvey Davis & Robt H Thompson Co 
1731 28th St 
Bakersfield Calif 

Dearing Inc 
Box 655 
Dallas Tex 

Delaney Drig Co 
Box 881 
Ada Okla 

M J Delaney Co 
512 Continental Bidg 
Dallas 1 Tex 

Delaware Drillers Inc 
523 W Beauregard 
San Angelo Tex 

Delta Drig Co 
Box 2012 
Tyler Tex 

The Denver Co 
1904 Great Plains Life Bidg 
Lubbock Tex 

Del Mar Drig Co 
307 Wilson Bidg 
Corpus Christi Tex 

Delison Drig Co 
324 U S Not! Bk Bidg 
Denver Colo 

Delta Gulf Drig Co 
Box 2012 
Tyler Tex 
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W L Dillier 
Box 341 
Casey Ill 
Dixie Drig Co Inc 
1120 Mercntl Secrts Bidg 
Dallas Tex 
Dixilyn Drig Corp 
Box 3427 
Odessa Tex 
Doak Drig Co 
Box 1108 
Bristow Okla 
Donnell Drig Co 
607 Texas Bank Bidg 
Dallas Tex 
Douglas Drig Co 
Box 748 
Oildale Calif 
Drillers Inc 
2005 Adolphus Tower 
Dallas Tex 
Drig & Explor Co of Delaware Inc 
Box 2 Sta H 
Los Angeles 44 Calif 
Drig & Prod Co 
523 W 6 St 
Los Angeles Calif 
Drill Well Oil Co 
1502 8th St 
Wichita Falls Tex 
Dublin-Kiel 
1126 Oil and Gas Bidg 
Wichita Falls Tex 
Dudley & Heath Drig Co 
Box 428 
Stillwater Okla 
N V Duncan Drig Co 
203 Oil and Gas Bidg 
Oklahoma City Okle 
Dunnam & Wyant Drig Co 
816 N Jordan 
Liberal Kan 
Durham Drig Co Inc 
Box 204 
Midland Tex 
Dyer Drig Co 
P O Box 338 
Casper Wyo 
E & M Well Serv Co 
223% N Second 
Seminole Okla 
Eakle & Holder Drig Co 
116 Mulberry St 
Evansville Ind 
T T Eason & Co 
Div of Eason Oil Co. 
1211 Colcérd Bidg 
Oklahoma City 2 Okla 
Eastern Drig Inc 
Box 291 
Carmi Il 
Eastiand Oil Co 
806 Continental Life Bidg 
Fort Worth Tex 
B F Edington Drig Co Inc 
447 N Market 
Shreveport La 
Edwards & Bissett 
Box 298 
Alameda Tex 
Edwards Drig Co 
Box 1140 
Graham Tex 
Harry L Edwards Drig Co 
Box 6825 
Houston Tex 
A W Eggleston Inc 
Box 425 
Crowley La 
Empire Drig Co 
400 Brown Bidg 
Wichita Kans 
Empire Drig Co 
1507 Mercantile Bank Bidg 
Dallas Tex 
Empire States Drig Co 
820 Simms Bidg 
Albuquerque N M 
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Lee Evans Drig Co Inc 
303 Midstotes Bidg 
Tulsa Okla 
Ewing Drig Co 
Box 807 
Breckenridge Tex 
Exeter Drig Co 
103 Central Bidg 
Midland Tex 
Exploration Drig Co 
607 Nat! Bank of Tulse 
Tulsa Okla 
Fain-Porter Drig Co 
2410 First National Bidg 
Oklahoma City Okle 
Falco Drig Co Inc 
Box 1255 
Alice Tex 
Feicon Seaboard Drig Co 
Stanolind Bldg 
Tulsa Okla 
Feeney & Meyers 
Box 404 
Ardmore Okla 
Felderhoff Bros Drig Co 
Box 87 
Muenster Tex 
Fen-Par Exploration Co Inc 
Box 282 
Grand Haven Mich 
Ferbanta Drig Co 
Box 107 
Carmi il 
Field Drig Co 
1900 Milam Bidg 
San Antonio Tex 
Jim Fish Drig Co 
Box 655 
lowa Pork Tex 
Fitzpatrick Drig Co 
803 Wilson Tower 
Corpus Christi Tex 
Fleeger-Riley Drig Co Inc 
271 Meadows Bidg 
Dallas 6 Tex 
J B Fletcher Drig Co 
304 Ricou-Brewster Bidg 
Shreveport La 
Flournoy-Haston Drig Co Inc 
1005 Davis 
Ardmore Okla 
Folk Drig Co 
614 Main 
Yukon Okla 
Foree Drig Co 
602 First Notl Bk Bidg 
Dallas Tex 
Fortune Drig Corp 
314 Central National Bank Bidg 
San Angelo Tex 
Foster Drig Co 
Box 751 
Cushing Okla 
JO Fox & Son 
620 F & M Bank Bidg 
Abilene Tex 
Frazier & Goble Drig Co 
Box 68 
Nocona Tex 
Jack W Frazier 
339 M Esperson Bidg 
Houston Tex 
Lioyd R French Co 
506 V & J Tower 
Midland Tex 
Frisbie & Yancy Drig Inc 
1035 Kennedy Bidg 
Tulsa Okla 
Frio Drig Inc 
506 Driscoll Bidg 
Corpus Christi Tex 
Frizzell Drig Co 
108 N W 2nd St 
Oklahoma City Okla 
Fryer & Hanson Drig Co 
2520 Republic Nat! Bank Bidg 
Dallas Tex 


G & T Drig Co 
Box 67 
Muenster Tex 
Gabbert-Jones Drig Co 
514 Orpheum Bidg 
Wichita Kans 
C S$ Garber & Sons Inc 
Boyertown Pa 
Gardner Bros Drig Co 
1708 Davis Bidg 
Dallas Tex 
Garvey Drig Co 
311 East 3rd 
Wichita Kans 
Garr-Woolley Oil Co 
Cravens Bidg 
Oklahoma City Okla 
Gary Drig Co 
Box 58 
Oil City la 
General Geophysical Co 
750 Houston Club Bidg 
Houston 2 Tex 
General Well Drig inc 
Box 1315 
Alice Tex 
Gibson Drig Co 
Box 214 
Kilgore Tex 
Gibson & Holliman 
1021 Fidelity Union Life Bidg 
Dolics Tex 
Glenn Gillespie & Sons 
Box 907 
Cushing Okla 
Gilger Drig Co 
831 N Esperson Bidg 
Houston 2 Tex 
Gilmour Drig Co 
Box 1082 
Alice Tex 
C G Glasscock Drig Co 
1601 Wilson Tower 
Corpus Christi Tex 
Glasscock-Wilson Inc 
1604 Beck Bidg 
Shreveport La 
Glendale Drig Co 
906 Hales Bidg 
Oklahoma City Okle 
F E Gober Drig Co 
3032 Cherry Ave 
Long Beach Calif 
Gogle Bros Drig Co 
317 Butternut 
Abilene Tex 
Gold-Mar Drig Co 
Rt 4 Box 98-A 
Okmulgee Okla 
Goldsmith & Perkins inc 
Perkins Bidg 
Duncan Okla 
Gordon Drig Co 
Box 15 
Mt Pleasant Mich 
T V Gorman 
621 Staley Bidg 
Wichita Falls Tex 
Gracey-Hellums Corp 
1809 Commerce Bidg 
Houston 2 Tex 
Burdette Graham 
804 Driscoll Bidg 
Corpus Christi Tex 
Graham Drig Co 
402 Hamilton Bidg 
Wichita Falls Tex 
Graves Drig Co 
Box 583 
Ardmore Okla 
Great Western Drig Co 
Box 1659 
Midland Tex 
Green & Dreblow Drig Co 
Box 328 
Bakersfield Calif 
A W Gregg Co 
912 City National Bonk Bidg 
Houston Tex 





Greyhound Drig Co Inc 
Box 4334 
Shreveport La 
Grey Wolf Drig Co 
1405 Sec Natl Bk Bidg 
Houston Tex 
Grosch Bros 
128 Russell St 
Warren Pa 
Roy Guffey Drig Co 
5543 Yale Bivd 
Dallas Tex 
Gulf Coast Drig Co Inc 
712 South St 
Houma la 
Gulf Coast Western Oil Co 
Republic Bidg 
Oklahoma City Oklo 
Henry Gwaltney Drig Co 
Box 289 
Washington Ind 
Gypsy Exp! Co Inc 
523 W Beauregard 
San Angelo Tex 
H E R Drig Co 
724 W Britton Ave 
Oklahoma City Okla 
H & S Drig Co 
Box 98 
Dewey Okla 
Hack Drig Co 
Box 1636 
Abilene Tex 
John S$ Hagestad Drig Co 
3224 Gulf St 
Bakersfield Calif 
Clyde Hall Drig Co Inc 
Box 107 Sta B 
Bakersfield Calif 
O E Hall Drig Co 
1809 Electric Bidg 
Fort Worth Tex 
Hamman Oil & Ref Co 
Box 13028 
Houston 19 Tex 
Hap Drig Co 
First National Bidg 
Oklahoma City Okla 
Harkins & Co 
Box 1490 
Alice Tex 
Harms-Burt Drig Co 
510 Petroleum Bidg 
Wichita Kans 
Harrell Drig Co 
611 Melrose Bidg 
Houston 2 Tex 
Harris Drig Co 
Box 699 
Grayville lil 
John W Harris Drig Co 
525 Wichita National Bank Bidg 
Wichita Falls Tex 
Harvey Drig Co 
Box 418 
Wichita Falls Tex 
H F Hatcher & Son Drig Co 
Box 164 
Smackover Ark 
Hatfield Drig Co Inc 
1611 NH St 
Midland Tex 
Win Hawkins Drig Co 
373 San Jacinto Bidg 
Houston 2 Tex 
Hawkins-Wilkins Prod Co 
373 San Jacinto Bidg 
Houston Tex 
Hayes & Sprague inc 
463-466 Gen Pet Bidg 
Los Angeles Calif 
Hayward Drig Co 
Box 295 
Enid Okla 
John Heard & Co Inc 
624 S$ Cheyenne 
Tulsa Okla 
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Helmerich & Payne Inc 
First Natl Bidg 
Tulsa Okla 
Henderson Drig Corp 
2008 N Esperson Bidg 
Houston Tex 
Henson Drig Co 
Box 2192 
Abilene Tex 
The Herb Expi Co 
342 Lexington Ave 
Abilene Tex 
Hewgley Drig Co 
408 Wilkinson-Foster Bidg 
Midland Tex 
Hewit-Gulick Drig Co 
240 Silver State Bidg 
Denver Colo 
C A Hilburn Drig Contr 
Box 1723 
Shreveport La 
Don Hill Well Serv Inc 
1506 Lawndale Plaza 
Houston Tex 
Hill Drig Co 
Box 355 
Taft Calif 
J E Hillier 
Box 67 
Pleasanton Tex 
Hills & Hills Drig Co 
Box 2158 
Pampa Tex 
W B Hinton 
Mercantile Bidg 
Dallas Tex 
Hissom Drig Co 
1115 Petroleum Life Bidg 
Midland Tex 
Holmes Drig Co 
1045 San Jacinto Bidg 
Houston Tex 
Holmes Drig Co 
743 E Willow St 
Long Beach Calif 
R L Horn & Son Drig Co 
Pawnee Okla 
Houchins Drig Co 
Box 218 
Mt Carmel Iii 
Housh Drig Co 
586 Gulf Bldg Add 
Houston 2 Tex 
Houston Oil Well Service Co 
1706 C & | Life Bidg 
Houston 2 Tex 
Howell Holloway & Howell 
Life of Amer Bidg 
Dallas Tex 
Hull Oil Co 
214 Panhandle Bidg 
Wichita Falls Tex 
Hunt Drig Co Inc 
633 Wilson Bidg 
Corpus Christi Tex 
Floyd R Hyer 
1230 E 8th 
Okmulgee Okla 
Hylton Drig Co 
716 Eye St 
Bakersfield Calif 
independent Drig Co 
802% Commerce St 
Dallas 1 Tex 
indian Drig Co 
Box 42 
Tulsa Okla 
Doncid T Ingling 
623 First National Bidg 
Wichita 2 Kans 
Baker B Ingram inc 
Box 1749 
Odessa Tex 
Ira-Lee Drig Co 
1502 Main St Annex 
Lubbock Tex 
Irish Drig Co inc 
208 W Commerce 
Eastland Tex 


Ivy Drig Co 
1705 Burton Way 
Bakersfield Calif 
J &C Drig Co 
Jone Bidg 
Refugio Tex 
JH & S Petroleum Corp 
916% Main 
Duncan Okla 
J&L Drig Co Ltd 
2005 Adolphus Tower Bidg 
Dallas Tex 
Jackson Drig Co 
Box 1388 
Duncan Okla 
Jayhawk Drig Co 
Box 2240 
Wichita Kans 
Jennings Drig Co 
612 City National Bank Bidg 
Wichita Falls Tex 
Jet Drig Co Inc 
304 California Bidg 
Denver 2 Colo 
Jett Drig Co inc 
Box 1832 
Shreveport La 
Jim Lee Drig Co Inc 
1502 Main St Annex 
Lubbock Tex 
Johan Drig Co 
711 Fair Bidg 
Ft Worth Tex 
Johnson-Bates Drig Co 
Box 425 
Konowa Okla 
Johnson & Flesher Drig Co 
601 Hightower Bidg 
Oklahoma City Okla 
Johnson-Gadbois Drig Co 
Box 9338 
Ft Worth Tex 
Al Johnson Drig Co 
Rt 12 Box 340 
Oklahoma City 10 Okle 
Johnson Drig & Serv Co 
Box 3 
Magnolia Ark 
Fred Johnson Drig Coe 
2790 Cherry Ave 
Long Beach Calif 
Buck Jones Drig Co 
Box 1085 
McCamey Tex 
Jones Well Serv Co 
Box 1547 
Abilene Tex 
J W Lawrence 
Box 942 
Conrad Mont 
K & E Drig inc 
1006 Central Bidg 
Wichita 2 Kans 
K & S Drig Co 
Box 919 
Bartlesville Okla 
Keating Drig Co 
510 Natl Bank of Tulsa Bidg 
Tulsa Okla 
Kee & Simpson Drig Co 
929 Subway Terminal Bidg 
Los Angeles 13 Calif 
K L Kellogg & Sons 
Box 510 
Compton Calif 
Kendall-Davis Drig Co Inc 
201 S E Ist 
Evansville Ind 
Kent & Preston 
425 Sayles Bivd 
Abilene Tex 
Kerr-McGee Oil Industries Inc 
1110 Sterling Bidg 
Houston Tex 
Kerr-McGee Oil Industries Inc 
Mid-Continent Div 
Kerr-McGee Bidg 
Oklahoma City Okla 
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Kersey & Co 
210 Booker Bidg 
Artesia New Mex 
Carl B King Drig Co of Tex 
Box 270 
Midland Tex 
King-Phillips Inc 
740 W 5 St 
Ft Worth Tex 
Kingery Drig Co inc 
Box 97 
Saint Jo Tex 
Kirby Oil Ind 
5107 Center St 
Omaha 6 Neb 
Kirby-Southworth Drig Co 
1021 San Jacinto Bidg 
Houston Tex 
Hugh Kirkpatrick Inc 
Box 312 
Mission Tex 
Kirkwood & Morgan Inc 
204 Transit Tower 
San Antonio Tex 
A F Knappenberger and K & H Drig Co 
427 Elm 
Graham Tex 
Donald P Knierim 
Box 277 
Casey Ill 
Knight & Williams 
Box 1332 
Bakersfield Calif 
Kriswell Drig Co 
First National Bank Bidg 
Winfield Kans 
La Mance Drig Co 
Box 2686 
Midland Tex 
Larce Drig Co 
Box 3499 
Jackson Miss 
Lauderdale Drig Inc 
Box 3 
Metropolis Ili 
Laughlin-Porter Drig Co Inc 
Petroleum Life Bidg Rm 9 
Midland Tex 
Leatherwood Drig Co 
Box 925 
Jacksboro Tex 
Lee Drig Co 
1007 Philtower Bidg 
Tulsa Okla 
Lewis Bros Inc 
320 Mile High Center 
Denver 2 Colo 
Lewis Drig Co 
607 Union Natl Bk Bidg 
Wichita Kans 
Lewis & Mucher Drig Corp 
Box 2067 
Lonaview Tex 
Liberty Drig Corp 
Box 14308 
Houston Tex 
Lincoln Drig Co 
403 Oil and Gas Bidg 
Oklahoma City Okle 
M M Lindsey Drig Co 
4748 Airline Highway 
Baton Rouge lo 
H J Lininger 
Box 37 
Upper Sandusky Ohio 
Livermore Drig Co 
406 Lubbock Natl Bk Bidg 
Lubbock Tex 
Liano Drig Co 
301 V & J Tower Bidg 
Midland Tex 
Loffiand Bros Co 
Box 1649 
Tulsa Okla 
Loggie Bros 
311 City Natl Bk Bidg 
Wichita Falls Tex 
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Lohmann-Johnson Drig Co Inc 
320 indiana Bank Bidg 
Evansville ind 

Pete Lomax Drig Co Inc 
132 Petroleum Life Bidg 
Midland Tex 

Charles E Long Jr Inc 
Box 961 
Midland Tex 

Longhorn Drig Corp 
Box 546 
Three Rivers Tex 

Low Drig Co 
Box 112 
Cisco Tex 

Lowe Drig Co 
Box 832 
Midland Tex 

Lumec Drig Co 
Box 1589 
Lubbock Tex 

H B Lynn Drig Corp 
Box 446 
Farmington New Mex 

Lyan Drig Co 
Nati Bank of Tulsa Bidg 
Tulsa Okla 

MH O Drig Co 
Box 297 
Cut Bank Mont 

M & J inc 
3612 W Wall 
Midland Tex 

Mac Drig Co 
Box 2972 
Houston Tex 

Macrate Prod Co 
3341 Cherry Ave 
Long Beach Calif 

Makin Drig Co 
Box 1628 
Hobbs New Mex 

Malionee Drig Co inc 
Union Center 
Wichita Kans 

Mangum Drig Co 
834 Esperson Bidg 
Houston Tex 

R L Manning Co 
318 Continental Oil Bidg 
Denver Colo 

Marcum Drig Co 
Box 761 
Ada Okla 

Marhill Oil & Gas Co Inc 
322 St Ann St 
Owensboro Ky 

Maritzky & Bibby 
Box 509 
Homer la 

M L Marrs Drig Co 
Box 985 
Drumright Okla 

Martin & Holmes Oil Well Serv Co 
4730 Ayers 
Corpus Christi Tex 

Maxwell Drig Co 
Box 846 
Coleman Tex 

McAlester Fuel Co 
Box 210 
Magnolia Ark 

McColiman Drig Co Inc 
Box 602 
Homer lo 

McClure Drig Co 
Box 147 
Alma Mich 

McCutchen & Graham 
409 Oil & Gos Bidg 
Wichita Falls Tex 

Gene McCutchin 
Box 1585 
Dallas Tex 

Jerry Alex McCutchin Drig Co 
Box 1585 
Dallas Tex 


McDaniel & Beecher! Drig Co 
607 Davis Bidg 
Dallas Tex 
A D McDuffie 
Box 807 
Wichita Falls Tex 
BL McFariand Inc 
3612 W Wall 
Midland Tex 
J R McGill 
509 Amarillo Bidg 
Amarillo Tex 
Ward A McGinnis 
114 W 4th St 
Eureka Kans 
K R McKinney 
503 Commerce Bidg 
Okmulgee Okla 
McQueen & Stout Drig Co 
1010 First Nat! Bk Bidg 
Fort Worth Tex 
Meadows & Walker Drig Co 
500 San Jacinto Bidg 
Houston Texas 
Melco Drig Co 
Box 1360 
Seminole Okla 
Mercury Drig Corp 
1205 Beck Bidg 
Shreveport La 
Meredith & Co 
Bk of Southwest Bidg 
Houston Tex 
Meridian Drig Co inc 
921 City Nati Bidg 
Oklahoma City Okla 
Mesa Drig Co Div of Camay Drig Co 
Box 1496 
Denver Colo 
Mesker Drig Co 
Box 6147 
Tulsa Okla 
H V Middleton Inc 
525 Eubanks 
Oklahoma City Okla 
Midiand Drig Co 
209 N Big Spring 
Midland Tex 
Midwestern Drillers Inc 
203 Wright Bidg 
Tulsa Oklo 
Milam Drig Co 
+1814 Alamo Nat! Bidg 
San Antonio Tex 
Miller & York 
Box 936 
Bakersfield Calif 
Gene Miller inc 
Box 238 
Lawrenceville Ill 
Milestone Drig Co 
Box 2745 
Midland Tex 
Miller Bros & Bowling 
Box 611 
Alice Tex 
Miracle-Fifer Drig Co 
1636 Welton 
Denver 2 Colo 
M Mojzarino 
Staunton Iii 
Lemer H Moore Drig Co 
Box 29 
Abilene Tex 
Moore & Moore Drig Co 
Box 29 
Abilene Tex 
Mora Drig Co 
1908 First Natl Bidg 
Tulsa Okla 
E W Moran Drig Co 
500 First National Bank Bidg 
Wichita Falls Tex 
Dave Morgan Co 
Box 820 
Blackwell Okla 
Pete Morris Drig Co 
Box 733 
Ada Okla 





Morrison Drig Co Inc 
Drawer 712 
El Dorado Kons 

Mountain States Drig Co Inc 
622 Patterson Bidg 
Denver Colo 

Murphy & McKernan 
Box 169 
Pampa Tex 

Mustang Drig Co 
811 Thompson Bidg 
Tulsa Okla 

Mustang Drig Corp 
1201 Peoples Bank Bidg 
Tyler Tex 

Moutray Drig Co Inc 
Box 1904 
Abilene Tex 

Myers Drig Serv 
2117 Bank St 
Bakersfield Calif 

Nation Drig Co 
Drawer 301 
Fairfield Ill 

Neal Drig Co 
Box 423 
Victoria Tex 

Nemaha Oil Co 
Mercantile Bk Bldg 
Dallas Tex 

Newton Barrett Drig Co 
423 Masonic Bidg 
Shawnee Okla 

Nichols Duncan Drig Co 
Box 1030 
Duncan Okla 

The Noch Petroleum Co 
Citizens Natl Bk Bidg 
Albion til 

George Noland Drig Co Inc 
823 S Detroit Ave 
Tulsa Okla 

Norman Oil Corp 
1141 Butternut St 
Abilene Tex 

Norton Drig Co 
542 Natl Bk of Commerce Bidg 
New Orleans 12 La 

The Novak Drig Co 
Box 2147 
Tulsa Okla 

Nowery Drig Co Inc 
5904 Fairfield 
Shreveport La 

Norwood Drig Co 
700 Wichita Natl Bk Bidg 
Wichita Falls Tex 

Nuckolls-Bell Drig Co 
First National Bidg 
Oklahoma City 2 Okla 

Nye & Snell Drig Co 
260 Denver Club Bldg 
Denver Colo 

The Oil Corp 
836 Wilson Bidg 
Corpus Christi Tex 

ONeal Drig Co 
1314 Oil and Gas Bidg 
Fort Worth Tex 

Oney Drig Co 
Box 425 
Graham Tex 

Bob Olds Drig Co 
Box 113 
Casper Wyo 

Olds Oil & Chem Corp 
Box 72 
Mt Carmel lil 

R & H Olsen Drig Co 
Liberty Bank Bidg 
Oklahoma City Okla 

L H&S A Olson Drig Co 
Box 1545 
Midland Tex 

W B Omohundro 
Box 774 
Wichita Falls Tex 


B-32 


Owen Drig Co 
Oil Center Sta 
lafayette La 

Haynes B Ownby Drig Co 
1610 Gulf States Bidg 
Dallas Tex 

Oxford & Stasney Drig Co 
Box 307 
Albany Tex 

P L D Well Serv Co 
No 8 U-Totem Lane 
Houston 24 Tex 

Paco Petroleum Corp 
Box 347 
Mt Carmel Iii 

Paine Drig Co 
301 Insur-O-Medic Bidg 
Dallas Tex 

Pan-Tex Drig Co 
316 Henderson Bivd 
Kilgore Tex 

Patton Drig Co Inc 
Orpheum Bidg 
Wichita Kans 

Payne Bros Drig Co 
1411 10th St 
Lawrenceville II! 

Joe A Payne Drig Co 
1525 Wilson Tower 
Corpus Christi Tex 

Pegg Bros Drig Co 
1204 Nati Bk of Commerce Bidg 
San Antonio Tex 

Penrod Drig Co 
418 Market St 
Shreveport La 

Pep Drig Co 
1008 Main St 
Mt Vernon Ill 

Perforaciones Delta 
C A (Caracas Venezuela) 
Box 2012 
Tyler Tex 

Perforaciones Guarico 
C A (Caracas Venezuela) 
Box 2012 
Tyler Tex 

Perrine & Perrine Drig Contr & Prod 
Box 87 
Salem Ill 

Petersen Drig Co 
306 Fairfield Bidg 
Shreveport La 

Petro Drig Co Inc 
Box 339 
Mt Vernon til 

H F Pettigrew Drig Co 
Republic Notl Bk Bidg 
Dallas Tex 

Pickrell Drig Co 
705 Fourth Nat! Bk Bidg 
Wichita Kans 

Pioneer Drig Co Inc 
Box 2211 
Casper Wyo 

Fred Pool Drig Contr 
Box 172 
Abilene Tex 

C C Pollard 
Box 65 
Fort Stockton Tex 

Pontiac Drig Co of Tex 
1111 Oil & Gas Bidg 
Wichita Falls Tex 

Poteet Wysor & Eckles Inc 
First Natl Bk Bldg 
Holdenville Okla 

Powell Drig Co 
909 Central Bidg 
Wichita Kans 

Graham Powell Drig Co 
129 N Sycamore St 
Centralia lil 

The Power Rig Drig Co 
Box 883 
Lafayette Lo 

Preston Carter Drig Co 
Box 396 
Ardmore Okla 


Prince Drig Co 
990 Houston Club Bidg 
Houston Tex 

Princeton Mining Co 
111 N 7th St 
Terre Haute Ind 

Progressive Drig Co Inc 
Box 847 
Newcastle Wyo 

T M Pruett Drig Contr 
Box 303 
Centralia Ill 

Pyburn-Langford Drig Co 
Box 4276 
Shreveport La 

R-G Drig Co 
403 City Natl Bk Bidg 
Wichita Falls Tex 

Rankin Karper & Glass 
Box 149 
Graham Tex 

G H Ray Well Serv 
Box 68 
Cement Okla 

Jack and H P Read 
Box 212 
Scottsville Ky 

Reading & Bates Inc 
1502 Philtower Bidg 
Tulsa Okla 

Rebstock & Reeves Drig Co 
514 Calif Bidg 
New Orleans la 

Reed Drig Co Inc 
1408 First Natl Bidg 
Tulsa 3 Okla 

Reserve Drig Co Inc 
703 Union Nat! Bidg 
Wichita 2 Kans 

Reserve Drig Co Inc 
Box 1612 
Casper Wyo 

Rheay & Reynolds Drig Co 
402-406 Petroleum Bidg 
Abilene Tex 

Rhodes Drig Co 
Box 239 
Abilene Tex 

Rhodes & Hicks Drig Corp 
Box 1395 
Alice Tex 

Riceland Corp 
503 Enterprise Bidg 
Tulsa Okla 

Richardson & Stewart Drig Co 
505 Alamo Natl Bidg 
San Antonio Tex 

Riley & Gammon 
509 N Railroad St 
Madisonville Ky 

The R W Rine Drig Co 
320 Central Bidg 
Wichita Kans 

C M Robenson Drig Co 
418 Market St 
Shreveport la 

Robinson Bros Drig Co 
Box 430 
Borger Tex 

Robinson Drig Co 
Box 1281 
Abilene Tex 

Rocket Drig Co Inc 
352 N Broadway 
Wichita Kans 

Rocket Drig Co 
2099 E 27th St 
Long Beach Calif 

Rock Hill Drig Co 
704 Milam Bidg 
San Antonio Tex 

Rocky Mountain Drig Co 
611 Wilshire Blvd 
Los Angeles Calif 

The Rogers Oil Co 
602 Patterson Bidg 
Denver Colo 
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D L Rose Drig Contr 
Box 518 
Albany Tex 

R Benton Ross Inc 
620 Wichite Natl Bnk Bidg 
Wichita Falls Tex 

Don M Rounds Drig Co Inc 
620 Colorado Bidg 
Denver Colo 

Rowan Drig Co Inc 
Drawer 12247 
Fort Worth Tex 

B L Rucker Drig Co 
Box 127 : 
Mt Vernon Ill 

Ruhl Drig Co Inc 
2205 Commerce Bidg 
Houston Tex 

Rupp-Ferguson Oil Co 
523 Petroleum Bidg 
Wichita Kans 

Russell & Russell Drig & Prod 
621 Lindsay St 
Gainesville Tex 

Russan Drig Co 
Box 861 
Midland Tex 

Paul F Rutledge 
Box 2239 
Santa Fe New Mex 

Sabine Drig Co 
208 N W 2nd 
Seminole Tex 

Sabre Drig Co 
222 Hughes Bidg 
Cushing Okla 

Salt Dome Prod Co 
737 Texas Nati Bk Bidg 
Houston 2 Tex 

San Joaquin Drig Co Inc 
417 S$ Hill St 
Los Angeles 13 Calif 

Santa Fe Drig Co 
Box 310 
Whittier Calif 

Santa Rosa Drig Ce 
152 Wilfred Ave 
Santa Rosa Calif 

Scat Drig Co Inc 
Box 787 
Drumright Okla 

Schafer Drig Co 
2400 Liberty Bk Bldg 
Oklahoma City Okla 

J B Schick Drig Co 
C & T Bidg 
Abilene Tex 

Schimmei Drig Co 
2121 Alamo Natl Bidg 
San Antonio Tex 

A L Schiaikjer 
Box 761 
Newcastle Wyo 

Schoenfeld-Hunter-Kitch Drig Co 
Box 588 
Tulsa Okla 

Schulz & Brannan Drig Co 
621 Stoley Bidg 
Wichita Falls Tex 

Security Drig Co 
709 S St Mary's St 
San Antonio Tex 

A B See Drig Co Inc 
206 Petroleum Bidg 
Abilene Tex 

Seiboldt Drig Co 
106% N Harrison 
Cushing Okla 

Seran & Howard Drig Co 
Box 110 
Okemoah Okla 

Service Drig Co 
515 Kennedy Bidg 
Tulsa Okla 

Harold Shappel! Drig Co 
510 City Not! Bidg 
Wichita Falls Tex 
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Sharp Drig Co 
Box 1271 
Midland Tex 
Sheets & Walton Drig Co 
Box 152 
Breckenridge Tex 
Shenandoah Drig Corp 
Box 548 
Seminole Okla 
Shoreline Drig Co Inc 
1203 Beck Bidg 
Shreveport Lo 
Shulman Brothers 
Box 191 
Vandalia til 
Signal Drig Co 
203 Mayo Bidg 
Tulsa Okla 
Signal Oilfield Serv 
203 Mayo Bidg 
Tulsa Okla 
Sikes-Burckhalter Drig Co 
300 Oil & Gas Bidg 
Wichita Falls Tex 
C J Simpson Drig Co 
Box 474 
Olean New York 
Wiley W Singleton Drig Co Inc 
717 Wilson Bidg 
Corpus Christi Tex 
Don Slape Drig Co 
Box 432 
Olney til 
Smallwood & Son 
3657 E Kiest Bivd 
Dallas Tex 
Smith & Breyer 
Suite 154 Meadows Bidg 
Dallas 6 Tex 
Perl Smith Drig Co 
Box 890 
Newcastle Wyo 
Ray Smith Drig Co 
Box 6745 
Dallas Tex 
Roy H Smith Drig Co 
1110 City Natl Bk Bidg 
Wichita Falls Tex 
L C Smitherman Drig Co 
Box 627 
Augusta Kans 
Sojourner Drig Corp 
Box 686 
Abilene Tex 
Sooner Drig Co 
412 Federal Natl Bank Bidg 
Shawnee Okla 
Southeastern Drig Co 
901 Employers Ins Bidg 
Dallas Tex 
Southern Six Drig Co Inc 
Box 369 
Opelousas la 
Southland Drig Co 
338 Milam Bidg 
San Antonio Tex 
J D Sprecher 
P O Box 299 
Casper Wyo 
Standard-Fryer Drig Co 
2520 Republic Natl Bk Bidg 
Dallas Tex 
Orville Stanford Inc 
Box 147 
Santa Marie Calif 
Star Drig Co 
Box 4822 
Okichoma City Okla 
Stephens Drig Co 
820 N Harvard 
Tulsa Okla 
H J Steward 
Box 1031 
Taylor Tex 
Stice Drig Co 
Box 678 
Beeville Tex 


Stouder Drig Co 
208 S E Riverside Dr 
Evansville Ind 
Strait Drig Inc 
Box 90 
El Dorado Kans 
C W Strotman Drig Co 
620 South 30th St 
Mattoon Ill 
Stroube Drig Co 
Box 730 
Corsicana Tex 
Summit Drig Corp 
Atlas Life Bidg 
Tulsa Okla 
The Sun Drig Co 
417 S Hill St 
Los Angeles 13 Calif 
Sunnyland Contracting Co Inc 
Box 388 
Rayne lo 
Sutton Drig Co 
4600 Broadway 
San Antonio Tex 
Swett Bros Drig Co 
Box 331 
Bakersfield Calif 
Symons Drig Co 
Box 546 
Houston Tex 
Target Drig Corp 
710 Enterprise Bidg 
Tulsa Okla 
Taylor Exp! Co Inc 
2118 Welch Ave 
Houston Tex 
Tennant Drig Co 
Rivoli Bldg 
Blackwell Okla 
Terminal Drig & Prod Co 
1240 Blinn Ave 
Wilmington Calif 
Tex-Mex Drig 
1211 Fidelity Union Life Bidg 
Dallas Tex 
A W Thompson Inc 
Box 2524 
Houston Tex 
J M Thomson Drig Co 
501 Colorado Bidg 
Denver Colo 
Thompson Exp! Drig Co 
Box 1657 
Lubbock Tex 
Tibbits & Moore Drig Co 
300 Oil and Gas Bidg 
Wichita Falls Tex 
The Carl Todd Drig Co 
706-08 Union Center 
Wichita Kans 
J C Trahan 
1203 Beck Bidg 
Shreveport La 
Transit Corp 
1516 Liberty Bank Bidg 
Oklahoma City Okla 
Trans-Tex Drig Co 
418 Johnson Bidg 
Shreveport La 
Travis Drillers Inc 
Box 1097 
Austin Tex 
Treasure State Drig Co 
Box 1712 
Great Falis Mont 
Tri-County Exp! Co Inc 
412 Peoples Bk Bidg 
Indianapolis 4 Ind 
Trio Drig Co 
3013 Nussbaumer 
Dallas 26 Tex 
Tri-Service Drig Co 
Box 1785 
Midland Tex 
Tri-State Drig Co Inc 
Box 787 
laurel Miss 





Triton Drig Co Inc 
Box 13221 
Houston Tex 
Troop Drig Co 
Box 145 
St Elmo Ill 
Troup & Sutties Inc 
506 Diamond 
Holdenville Okla 
True Drig Co 
Box 1612 
Casper Wyo 
Trusco Drig Co Inc 
210 S Morton 
Okmulgee Okla 
Tucker Drig Co 
Box 270 
San Angelo Tex 
Tullows Drig Co 
206 N Big Spring 
Midland Tex 
Goai Tullous & Co 
206 N Big Spring 
Midland Tex 
C D Turner Drig Co 
501 Permian Bidg 
Big Spring Tex 
Two R Drig Co Inc 
712 South St 
Houma la 
U & E Drig Co 
Box 323 
Sullivan Ind 
United Drig Co 
8750 Holloway Dr 
los Angeles 46 Calif 
Unit Drig Co 
Box 599 
Bristow Okla 
V-T Drig Co 
711 Hulman Bidg 
Evansville Ind 
Varner-Neill Drig Co 
1674 N Treadaway 
Abilene Tex 
W H Varner Drig Co 
1670 N Treadaway 
Abilene Tex 


Contractor's Name 


Baldwin County 


Ainsworth Inc 


Choctaw County 
J E Brogden Sr 


Citronelle County 
Drig & Exp! Co of Del Inc 


Conesuh County 
A W Williams Drig Co Inc 


Mobile County 
Dorris Ballew Inc 
Zach Brooks Drig Co 


Dixilyn Drig Corp 
Trans-Tex Drig Co 


Tri-State Drig Co 


Apache County 
George Noland Drig Co Inc 


B-34 


Rig 


Velma Petroleum Corp 
Box 1955 
Hobbs New Mex 
Viersen & Cochran 
Box 280 
Okmulgee Okla 
Wade Drig Co 
Box 70 
Cushing Okla 
Wagner & Wyant Drig Co Inc 
320 Borfield Bldg 
Amarillo Tex 
Walker Wilson Drig Co 
509 Mile High Center 
Denver Colo 
Walters Drig Co Inc 
4114 McMillan 
Dallas 6 Tex 
Rusty Walters Drig Co 
Box 304 
Bakersfield Calif 
Walton Drig Co 
Box 241 
Fairfield Ill 
Warner & Luttrell Drig Co 
Box 2237 
Abilene Tex 
Dee Watson Drig Co 
Mt Carmel Ill 
Carnes W Weaver Drig Co 
326 Gulf Bidg 
Houston Tex 
C B Webster Drig Co 
609 San Jacinto Bidg 
Houston Tex 
Webster Drig Co 
424 S Cheyenne 
Tulsa Okla 
Dick Wegener Drig Contr 
1820 First Nat! Bidg 
Oklahoma City Okla 
Well Drillers Inc 
City Natl Bk Bidg 
Houston Texas 
Wells Drig Co 
5382 Cherry Ave 
Long Beach Colif 
Art West Drig Co 
Box 1545 
Odessa Tex 


Western Drig Co Inc 
902 Lubbock Not! Bk Bidg 
Lubbock Tex 
Chester H Westfall Drig Co 
1202 Hunt Bidg 
Tulsa Okla 
Westlund Drig Co 
Box 197 
Midland Tex 
Wes-Tex Drig Co 
308 Petroleum Bidg 
Abilene Tex 
Wheless Drig Co 
Box 368 
Shreveport La 
Wilbanks & Rutter Drig Co 
2200 Scurry St 
Big Spring Tex 
A W Williams Drig Co Inc 
411 Virginia St 
Mobile Ala 
Kidd Williams Drig Corp 
205 Kennedy Bidg 
Tulsa Okla 
Walter W Willis 
813 Broadway 
Mt Vernon Ill 
Wilson Drig Co Inc 
Box 933 
Jackson 5 Miss 
Clark Wright & Senkel Inc 
Box 267 
Graham Tex 
Woolf & Magee 
Box 635 
Tyler Tex 
Yarborough Drig Co 
735 Wilson Bidg 
Corpus Christi Tex 
Marshall R Young Drig Co 
Drawer 712 
Fort Worth Tex 
Zapata Off-Shore Co 
2218 City Not! Bk Bidg 
Houston Tex 
Zephyr Drig Corp 
TH11 First Natl Bldg 
Tulsa Okla 


U. S. Contract ROTARY Drilling Rigs 


Total HP 
All Main Drawworks 


Type Mud 
Power Pumps 


ALABAMA 


btne 100 


gas-gaso 


gas-gaso 


ds! 
dst 
dsi 
ds! 
gas 
gas-btne 
gas-btne 


ARIZONA 


gas-btne 


Total HP 

Avail- Rated 
able to Depth with 
Drwwks 4%" Pipe 


Make and 
Model 


Benton County 
Walters Drig Co Inc 


Emsco GB-800 


| Lafayette County 
Greyhound Drig Co Inc 


McAlester Fuel Co 
Mercury Drig Corp 


Wisn Titan Miller County 


Brwstr N-10 
Brwstr N-75 
Brwstr N-95 
Nati 100 
Nati 75-CA 
Nat! 110 
Nat! 80B 


McAlester Fuel Co 


Union County 
Alan Drig Co 

Zach Brooks Drig Co 
H F Hatcher & Son 


Mercury Drig Corp 


Rig Type 
Contractor's Name 


Pyburn-Langford Drig Co 
Quachita County 


Total HP 

Avail Rated 
able to Depth with 
Drwwks 4%" Pipe 


Total HP 

All Main Drawworks 
Mud Make and 
Pumps Model 


ARKANSAS 


Power 


Mayhew 1000 
Mayhew 1000 
Mayhew 1000 
Mayhew 1000 
Mayhew 1000 
Mayhew 1000 
Mayhew 2000 


gaso 260 
gas 130 
gas 150 
gaso 130 
gas 175 
gas 220 
gas 500 


dsi Brwstr N-4 
btne-gas Emsco GC-500 
gas Wisn Giant 


Wilson 
Crdwil Trirg 


Wisn Mogul 
Brwstr N-7 
Crdwil RL-597 
Crdwil S-350 
ideco H-20 


gas 275 
ds! 750 
gaso-gas-btne 225 
gas-gaso-btne 250 
gas 200 
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Rig 


Contractor's Name 


Apple Valley County 
Santa Rosa Drig Co 


Fresno County 


Camay Drig Co 

John S Hagestad Drig Co 
Clyde Hall Drig Co Inc 
San Joaquin Drig Co In 


Glenn County 
B J & M Drig Co Ltd 


Kern County 
Camay Drig Co 


Coastal! Drig Co 


H Davis & R H Thompson Cx 


Douglas Drig Co 
Drig & Prod Co 


Green & Dreblow Drig Cx 
John S Hagestad Drig C 
Clyde Hall Drig Co In 
25-Hill Drig Co 

Hylton Drig Co 

Ivy Drig Co 

K L Kellogg & Sons 
Knight & Willams 


Loffland Bros Co 
Miller & York 


Rocky Mountain Drig C 


San Joaquin Drig Co inc 


Swett Bros Drig C 


Rusty Walters Drig C 


Kings County 
John S Hagestad Drig C 


Los Angeles County 
Camay Drig Co 


Drig & Expl Co of Delaware Inc 
F E Gober Drig Co 


Clyde Hall Drig Co In 
Hayes & Sprague In 
Fred Johnson Drig C 


K L Kellogg & S 


Loffland Bros Co 


THE PETROLEUM 


No 


or 


~ 


Nem we & we 


= = w 


A 
Cc 
F 
G 
H 
0 
1 
2 
4 
9 
0 
l 
5 
6 
l 
2 
l 


20 
31 
2 


3 
8 
l 


Type 
Power 


Total HP 

All Main Drawworks 
Mud Make and 
Pumps Model 


CALIFORNIA 


prop-gas 


gas 
ds! 
gas-btne 
gas 


gas 
gas 
ds! 

ds! 
gas 
ds! 

dsi 
btne 
ds! 
dsl-gas-gaso 
dsl 

ds! 

ds! 

ds! 

dsl 


ds! 
ds! 


gas 
gas 

gas 

gas 

ds! 
gas-gaso 
gas-gaso 
gas 

ds! 

dsi 

gas 
gas-gaso 
gas-gaso 
gas-gaso 
gas-gaso 
gas 

ds! 

ds! 

gas 

gas 

gas 

gas 

gas 

gas 


155 


Emsco J-1000 
540 ideco H-30-D 
1000 Emsco GB-800 

1260 Wisn Titan 


1075 


Nati 50 
Nat! 50 


450 
600 


1080 Wisn Titan 
1900 Nati 130 
800 Emsco J-750 
1000 Emsco A-800 
1000 Emsco GB-800 
300 =Emsco 6-300 
300 Emsco GA-250-7 
125 Emsco 
325 Crdwil 
325 Crdwil 0 
600  Wisn Giant 
680 ideco H-525 
900 §6Beth M-58 
375 Nati T-25" 
250 Emsco GB 
85 Wisn Sr 
100 Gen Mach 
185 Hopper IG 
185 Hopper Gr. 
260 Hopper GD 
1580 8=6Natl 125 
340 =—s« Unit: U-350 
1000 
500 
350 
500 
300 
300 
225 
225 
1200 
1400 
1200 
1200 
700 
1260 
1260 
200 
150 
300 


Emsco GC-500 
Emsco GB-350 
Emsco GA-500 
Emsco G-36 
Emsco GA-250 
Hopper 
Hopper 

Natl 75 
Oilwell 96 
Nati 125 
Emsco J-1000 
Nat! 75 

Nati 125 

Natl 125 
Hopper 
Crdwil 

Cooper D-50 


625 Er sco GB-350 


855 
555 
535 
535 
255 
1200 
1500 
816 
600 
600 
1050 


Natt 75 
Emsco 500 
Nat! 50 
Emsco G-300 
ideco H-30-D 
Nat! 100 
Nati 130 
Nati SOA 
Emsco 450 
Beth M-58 
Wisn Titan 
Emsco G-450 
Wisn Titan 
Wisn Titan 
Emsco J-1000 
Nati 50 

Nat! 75 

Nat! 100 
Nati 75 

Nat! 75 

Nati 125 
Nat! 125 


925 
1200 
1350 
1370 
1400 
2475 
2475 

870 
1000 
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Total HP 


Avail- Rated 
ableto Depth with 
Dirwwks 4%" Pipe 


1000 
1900 
1320 
1650 
1050 

300 

300 


190 
85 
105 
185 
185 
300 
1050 
340 
1040 
600 
450 
600 
300 
300 
300 
300 
900 
1750 
1500 


750 





Contractor's Name 
Macrate Prod Co 
Rocket Drig Co 


Santa Fe Mig Co 


The Sun Drig Co 


Terminal Drig & Prod Co 


Wells Drig Cc 


Orange County 
Holmes Drig Co (Long Beach) 
Kee & Simpson Drig Co 


K L Kellogg & Sons 
Santa Fe Drig Co 


New eevee Wwe & 


Santa Barbara County 


BJ & M Drig Co Ltd 
Armstrong Fowler Inc 
Orville Stanford Inc 

San Benito County 
John S Hagestad Drig Co 


San Luis Obispo County 


K L Kellogg & Sons 
Loffiand Bros Co 
Santa Fe Drig Co 


Ventura County 

BJ & M Drig Co itd 

Camay Drig Co 

Coastal Drig Co 

Drig & Expl Co of Delaware In 


Hayes & Sprague Inc 
K L Kellogg & Sons 


Loffiand Bros Co 


Rocky Mountain Drig Cx 


Santa Fe Drig Co 
San Joaquin Drig Co tac 


The Sun Drig Co 
Terminal Drig & Prod C 
United Drig Co 


Adams County 
Carmack Drig Co 


Baca County 
Branyan Drig Co 


Delta County 
Signal Drig Co 


Total HP 

All, Main “‘Orawwork: 
Mud 
Pumps 


Type 
Power 


ds! 175 
gas 300 
gas-btne-prop 555 
ds! 1480 
ds! 
gas 
gas 
gas 


gas 
gas bine 
gas btne 
gas 
gas 
ds! 


ds! 


25 as! 
13! 
3 


2 


ds! 
gas 


gas 


6 gas 


l 
13 
23 
28 
29 

2 


~aonwn & w 


ds! 
stm 
g4aS-gaso 
g43-gaso 
gas- gas 
ds! 
gas 
gas 
gas 
ds! 
gas 
gas 
gas 
gas 


COLORADO 


ds! 


‘Total HP 
Avail 
Make and able to 


Model 


ideco HD-30 190 
Wenr Mrhse 2x 
Emsco G-300 
Oilwell 96 
Wenr-Mrhse 
Nat! 55 

Wisn Titan 
Nat! 100. 

Nati 110 

Nati 50 

Wisn Mogul 
Ideco H-4( 
Ideco H-40 
Emsco GC-500 
ideco H-25 
Wisn Mogul 
Unit U-10 
Widrp Bitz 622 


35 
18% 
300 
90 
bOt 
100 
110C 
44 
the | 
460 
350 


Wisn Giant 
Nat! 50 
Beth 58 
Nat! 75 
Wisn Titan 
Ideco H-40 


Unit 35-D 
Nat! 50-CA 
Wisn Giant 


Emsco GB-350 


Nat! 75 


Emsco 6-500 


Emsco GA-500 
Nat! 50 
Emsco }-1250 
Nati 34-10 
Nati 100 

Nat! SOA 

Nati 34-10 
Nat! 125 

Nati 100 

Nati 100 
Emsco GB-800 
Nat! 130 


900 
900 
1550 
1110 
1750 
1850 
1500 
1500 
900 


Nati 75 

Nat! 100 

Emsco J-1000 
Nati 100 

Natl 125 

Nat! 125 

Emsco J-1250 
Emsco J-1250 
Emsco J-750 
Wisn Titan 900 
Nati 110 110 
Nat! 75 750 
Nat! 125 125% 
Nati 125 125 
Nat! SOA a 
Ideco H-525 54 
Emsco EDA 5 


Natl T-32 


ideco H-25 


Rated 


Depth with 
Drwwks 44° 


Pipe 


3,500 


15,000 
000 
5,000 
6.000 
5,000 
000 
2,000 
5,000 
5,001 


4,501 


? 500 
6,500 
?,000 
9,500 
10,000 
6,000 














Contractor's Name 


Denver County 

L B Conner 

Taylor Expt Co Inc 

Dolores County 

Carmack Drig Co 

Eagle County 

Loffiand Bros Co ds! 
Garfield County 
Loffland Bros Co 

Mountain States Drig Co inc 
Jackson County 
Falcon Seaboard Drig Co 
La Plata County 
Gardner Bros Drig Co Inc gas-btne 
Loffiand Bros Co ds! 
Rowan Drig Co Inc gas-btne 
Larime County 

Dyer Drig Co 

Las Animas County 
Danforth Drig Co ds! 


gas 
gas-dsi 


gas-btne 


gas-gaso 


Logan County 
Exter Drig Co 
Garvey Drig Co 

Jet Drig Co Inc 


Moffat County 
Carmack Drig Co 
Mesa DrigCo DivofCamay DrigCo 


Morgan County 
Brinkerhoff Drig Co 
Calvert Drig inc 
Exploration Drig Co 
Garvey Drig Co 

Lewis Bros Inc 

Nye & Snell Drig Co 

J M Thomson Drig Co 


Prowers County 
Wagner & Wyant Drig Co Inc 


Rio Blanco County 
Anschutz Drig Co Inc 


Mountain States Drig Co Inc 


San Miguel County 
Exploration Drig Co 15 


Washington County 

Brinkerhoff Drig Co ll dst 
Cactus Drig Corp of Tex 2 gas-bine 
Calvert Drig inc Rep ds! 

The Cortez Drig Co 1 gas 
Creekmore Drig Co 1 btne 
Falcon Seaboard Drig Co MA-1 gas-btne 
Garvey Drig Co 12 ds! 
Lohmann-Johnson DrigCoinc 4 ds! 
Miracte-Fifer Drig Co btne 

J M Thomson Drig Co ds! 


Weld County 


Baird & Pfeifer Drig Co dsl 
Falcon Seaboard Drig Co ds! 
Nye & Snell Drig Co ds! 


Total HP 

All Main Drawworks 
Mud Make and 
Pumps Model 


Total HP 

Avail- Rated 
able to Depth with 
Drwwks 4%° Pipe 


165 Failing 55 165 2,500/3%" 


Franks 
Nat! 50-4 


11,000 


Nat! 50-A 
Unit U-15 


Unit U-15 


Nat! 50 
Oilwell 64-B 
Ideco H-30 


Emsco GA-250 
Wisn Giant 
Emsco G-500 


Nati T-32 
Emsco GA-500 


Nati T-12 
Ideco H-35 
Beth S-50 
Wisn Giant 
Crdwil J-450 
Wisn M-46 
Nati T-20 


Unit U-34 


Wisn Giant 
Unit U-15 
Natt 50 


g 


Natl 75-CA 


~ 
~ 
ow 


Nati T-20 
Unit U-15 
Ideco H-30 
Nati T-32 
Brwstr N-45 
Unit U-35 
Wisn Giant 
Unit U-15 
Unit U-34 
Unit U-15 


SSssesszs 


450 
225 
500 


Unit U-15 
Beth Twister 
Wisn Atlas 


FLORIDA 


Orange County 
Dorris Batlew Inc ds! 


760 =©Wisn Titan 


ILLINOIS 


Bond County 
Claypool Drig Co btne 
btne 
Conrey Drig Co 2 dsl 

Paco Petroleum Corp dsl 
Graham Powell ds! 
Troop Drig Co gas-gaso 


145 Nati T-20 
185 Nat! N-40 
175 Wisn Super 
320 Nati T-32 
Nati 50 
Nati T-20 





1,400 | 


8,000 | 





- Rig 
Contractor's Name No. 


Christian County 
W L Dillier 
Clay County 


Graham Powel! 
Don Slape Drig Co 


Clinton County 
Conrey Drig Co 
Shulman Bros 
Coles County 
Donald P Knierim 


U & E Drig Co 
Crawford County 


Calvan American Inc 

W L Dillier 

Olds Oil & Chem Corp 
Pep Drig Co 
Douglas County 
U & E Drig Co 


Effingham County 
Calvert Drig Inc 


Franklin County 
Big Seven Drig Co 


Gallatin County 
Calvert Drig inc 

Ferbanta Drig Co 
Lauderdale Drig Inc 
Hamilton County 


Ardee Oil Co 
C E Brehn 


Calvert Drig inc 

Pep Drig Co 

Perrine & Perrine Drig Contr 
Jasper County 

Don Slape Drig Co 


Jefferson County 
Walter W Willis ds! 


Lawrence County 
Calvert Drig Inc gas-btne 
Harris Drig Co btne 
Houchins Drig Co ds! 
Walton Drig Co gas 

gas 
Dee Watson Drig Co ds! 


Marion County 


General Geophysical Co 
Perrine & Perrine Drig Contr 2 
T M Pruett Drig Contr 


Saline County 
Gene Miller Inc 

Paco Petroleum Corp 
Petro Drig Co Inc 

B L Rucker Drig Co 
Shulman Bros 


Wabash County 

Central Drig Co 

Olds Oil & Chem Corp 

Dee Watson Drig Co 

Washington County 

Canter Drig Co ds! 

M Mojzarine gas-gaso 
Wayne County 

Central Drig Co (Fairfield 111) ds! 


Walter W Willis ds! 
ds! 


Total HP 
Al Main 


Total HP 
Avail- Rated 
able to Depth with 


Drawworks 
Make and 
Model 


Nat! T-12 212 3,000 


Nat! T-12 
Unit U-34 
Unit U-34 


3,200 
4,500 
4,500 


Wisn Super 
Crdwil L 


Failing 2500 
Failing 2500 
Frnks 4500 


Nati T-8 
Failing 2500 


Beth Breeze 
Crdwii S 
Nati T-32 
Emsco GB 


ideco H-35 
Crdwil S-40 
Brwstr N-4 


Emsco GB-350 
Brwstr N-4 
Brwstr N-4 
Ideco H-30 
Ideco H-35 
Crdwil S 


Oilwell 64-A 
Oilwell 64-B 


Wisn Mogul 


Ideco H-30 
Crdwil S 
Nat! T-12 
Failing 2500 
Failing 2500 
Crdwit RL 


B Erie 36-L 
Unit U-15 
Wisn Giant 


Unit U-35 
Brwstr N-4 
Beth 45-E 
Crdwil S-350 
Wisn Super 


Crdwil S 


Frnks 2000 


Beth 430 S 
Ideco H-35 
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THE INDUSTRY’S LARGEST PRODUCING FACILITIES 





Stretching to all corners of North America, Magcobar production 
facilities have expanded year after year to provide the oil 
industry with an abundant source of drilling mud materials for 
the present and the future. To accomplish this steady production 
progress, Magcobar has reinvested a far greater 
percentage of its income in additional production facilities for 
the oil industry than any other mud company. The scope of 
Magcobar plants is shown in this composite drawing. 
All these resources are provided for oil operators 
so that wherever they drill, whenever they drill, 
they may be assured of the same high 
quality product. Look for the Magcobar 
Dealer sign when you need mud. 


MAGNET COVE BARIUM CORPORATION 
ONE OF THE DRESSER INDUSTRIES 
HOUSTON, TEXAS 





Total HP 


Tota! HP 

All Main Drawworks Avail- Rated 

Make and ableto Depth with 
Mode! Drwwks 4%” Pipe 


Total HP 
All Main Drawworks Avail- 
Mud Makeand abieto Depth with Type Mud 


Contractor's Name Pumps Model Drwwks 4° Pipe Contractor's Name No. Power Pumps 





White County 
Calvert Drig inc 


Castern Drig Inc 
Harris Drig Co 


The Noah Petroleum Co 


Wiliismson County 
Eakle & Holder Drig Co 


Gibson County 

Bury Drig Co 

Paco Petroleum Corp 
Marion County 
Tri-County Exploration Co Inc 
Pike County 

Henry Gwaltney Drig Co 
Posey County 

Ardee Oil Co 

Kendall - Davis Drig Co inc 
Vanderburgh County 
Lohmann-Johnson Drig Co Inc 
Vigo County 

W L Dillier 


Barber County 
Garvey Drig Co 
Goldsmith & Perkins Inc 
Lewis Drig Co 

Patton Drig Co inc 


Pickrell Drig Co 
Viersen & Cochran 
Barton County 


Bennett & Roberts Drig Co 
Buick Drig Inc 

Garvey Drig Co 
Lohmann-Johnson Drig Co Inc 


Butler County 
Morrison Drig Co Inc 
Chase County 
Thompson Exp! Drig Co 
Comanche County 
Unit Drig Co 

Cowley County 
Blackstock Bradley & Dietz inc 
Garvey Drig Co 
Lohmann-Johnson Drig Co Inc 
Decatur County 
Lohmann-Johnson Drig Co Inc 
Dickinson County 
Donald T Ingling 
Edwards County 
Unit Drig Co 

Ellis County 

Carl Todd Drig Co 

Lewis Drig Co 

Elisworth County 
Lewis Drig Co 

Finney County 
Garvey Drig Co 

Graham County 
Empire Drig Co (Kans) 
Harms-Burt Drig Co 

K & E Drig inc 


Powell Drig Co 
TranmsR Corp 


B-38 


260 
260 
266 


285 
300 


200 


INDIANA 


ds! 
btne 


gas 


265 
200 


KANSAS 


ds! 
gas-btne 
ds! 
gas 
ds! 
ds! 
gas 


gas-btne 


gas 
ds! 
ds! 


Ideco H-30 260 
Ideco H-35 

Nati T-20 

Nati 40 195 
Nati 50 285 
Brwstr N-4 300 


Emsco 6-300 


100 
165 


Emsco GA-160-T 500 
Wisn Mogu! 130 


Crdwil S 


Failing 2500 


Unit U-15 
Unit U-15 
Unit U-15 
Nati 50 

Nat! 50 

Unit U-15 
Nati T-25 


Emsco 250 
Wilson 
Wisn Giant 
Crdwil S 


Unit U-34 


Unit U-15 


Crdwii 
Wisn Giant 
Crdwil S 


Brwstr CR-300 


Nat! 50-A 


Wisn Giant 


Nati T-32 
Emsco 250 
Nati T-20 
Emsco GB-350 
Emsco 


4,500 
5,000 
5,000 


4,000 | 


5,500 | 


5,500 


Greeley County 

The R W Rine Drig Co 
Greenwood County 
Ward A McGinnis 


L C Smitherman Drig Co 


Harper County 
Harry Bass Drig Co 


Kingman County 
Garvey Drig Co 
Kiowa County 

D & M Drig Co Inc 
Falcon Seaboard Drig Co 
Rupp-Ferguson Oil Co 
Meade County 
Rocket Drig Co Inc (Kans) 
Nye & Snell Drig Co 
Morris County 
Adkins Drig Co inc 
Morton County 
Garvey Drig Co 


Ness County 
Bennett & Roberts Drig C< 


Pawnee County 
Jayhawk Drig Co Inc 
Rocket Drig Co Inc (Kans) 
Pratt County 

K & E Drig inc 


Reno County 

Badger Drillers Inc 

Rice County 

Bennett & Roberts Drig Cc 
Rooks County 
Garvey Drig Co 

Mallonee Drig Co Inc 
Reserve Drig Co Inc (Kans) 
Rush County 

Lewis Drig Co 


Russell County 
Coppinger Drig Inc 
Saline County 
Ainsworth Inc 


Sedgwick County 
Ainsworth Inc 


Seward County 
Midwestern Drillers Inc 


Stafford County 
Anschutz Drig Co Inc 
Gabbert-Jones Drig Co 
Harms-Burt Drig Co 
Transit Corp 

Sumner County 
Falcon Seaboard Drig Co 
Kriswell Drig Co 

L C Smitherman Drig Co 
Trego County 
Transit Corp 


Henderson County 
Basin Drig Co Inc 

Delta Drig Co 

Stouder Drig Co 
McLean County 
Basin Drig Co Inc 


btne-gas 


ds! 
gas-btne 
ds! 
ds! 


ds! 
gas 
ds! 
ds! 


gas-dine 
ds! 
ds! 


asi 


520 Unit U-15 


Franks 5000 
Joy 200 
Unit U-34 
Brwstr N-4 


Crdwii 


Wisn Giant 


Brwstr N-4 


Beth Twister 


ideco H-35 


Oilwell 6€ 


Wisn Giant 


Unit U-15 
Wisn Giant 


Emsco 250 


Emsco G-36 


Outwell T-52 


Nati T-32 


Emsco 250 


Wisn Giant 
Croawi! 
Nat! T-32 


Crawl 


Beth 250 


Fasling 


Unit U-15 


Wisn Giant 
Emsco 300 
Emsco 350 
Emsco 


Unit U-34 
Unit U-34 
Brwstr N-4 


230 


KENTUCKY 


ds! 
dsi 
LPG 


220 «= Ovlwell 64 
260 4 Brwstr N-4 
Nati T-12 


600 ?, 500 


220 «Oilwell 64-8 
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Total HP Total HP 

All Main Drawworks Avail Rated 
Type Mud Makeand ableto Depth with 
Power Pumps Model Drwwks 4° Pipe 


1000+ Nati 23-104 FE 1000+ 16,000 
1000+ Oilwell 9-P 1000+ 15,000 
1200+ Nati 3410 25,000 
1000+ Nati 15,000 
1200 Nati 80-8 12,500 
1000+ EmscoUBLS 54 14,000 

- - 15,000 


15,000 
16,000 
17,000 
15,000 
18,000 
15,000 
17,000 
15,000 


Total HP Total HP 
All Main Drawworks  Avail- Rated 
Mud Makeand ableto Depth with Rig 
Pumps Model Orwwks 4° Pipe Contractor's Name 


Rig Type 
Contractor's Name No. Power 
Union County 
Stouder Drig Co 


Webster County 
V-T Drig Co ds! 220 


LOUISIANA 





stm 
stm 
stm 
stm 
gas 
stm 
stm 
stm 


Harry L Edwards Drig Co 


LPG 200 Nati 40 4,500 


Falcon Seaboard Drig Co 
| Gilger Drig Co Ltd 
Glasscock-Wilson Inc 
Win Hawkins Drig Co 
Loffiand Bros Co 


1000+ 
800 
1200+ 


Crdéwit 4,000 


Acadia Parish 
Bullard Drig Co inc Emsco ECB 
Ideco Big Gnt 
Wisn Titan 56 
ideco Big Gnt 
Emsco ECA 
Nat! 3410 
Emsco 

Nat! 34-10-FE 
Emsco UBLS 
Unit U-15 


stm 
stm 


1000+ 


1000+ 1030 


ds!-elec 1150 
stm 
stm 

143 ds! 

Norton Drig Co Bge6 dsl 

C B Webster Drig Co 3 gas 


Cameron (Offshore) Parish 


Kerr-McGee Or! Ind Inc 43 dsl 
Salt Dome Prod Co 10 dsl 
Zapata Off-Shore Co 1 dsl 


Catahoula Parish 
McCaiman Drig Co inc 
Claiborne Parish 
Big Chief Drig Co 

Delta Drig Co 


Jet Drig Co inc 
Maritzky & Bibby 


Clegg & Hunt 
Delta Gulf Drig Co 
Falcon Seaboard Drig Co 


wwwnr 


_- 


1200 
1200+ 
1200+ 
800+ 
1000+ 
1000+ 


1220 
1400 
900 


$- 


Emsco J-1250 


Gilger Drig Co Ltd Emsco J-1250 


Hawkins- Wilkins Prod Co 


Howell Holloway & Howell 
Loffiand Bros Co 
Owen Drig Co 


14,000 
15,000 
16,000 


Emsco 1000 
Beth 1013 
Nati 130 


~ 
“fs woavn — w 


900 
1000+ 
1150 


ideco M-1000 
Emsco UBLS-54 
Oilwell 76 


Standard-Fryer Drig Co 


Allen Parish 


Circle Drig Co Inc 
Delta Gulf Drig Co 
A W Eggleston Inc 


gas-btne 
Brwstr N-4 


800 
900 


Nati 75 
Nati 100 
Hou Prtble 
Hou Prtble 
Brwstr N-75 


gas-btne 
gas-btne 
gas-btne 525 
gas-btne 500 
gas-gaso-btne — 


Emsco 800 
Ideco Supr-Duty 
Brwstr N-95 

Brwstr 


gas 
stm 
gas-btne 
gas 


—— wane 


Meredith & Co 


Penrod Drig Cc 


The Power Rig Drig Co 


Angelina Parish 
J B Fletcher Drig Co 


Assumption Parish 
Crawford Drig Co 

Grey Wolf Drig Co 

Loffiand Bros Co 

Rowan Drig Co Inc Bge 
Baton Rouge Parish 
Loffiand Bros Co 


Beauregard Parish 
A W Eggleston Inc 

Gilger Drig Co Ltd 

Penrod Drig Co 

Bossier Parish 


Cardinal Drig Co Inc 


Jet Drig Co inc 

Milton Crow Inc 
Pyburn-Langtord Drig Co 
Caddo Parish 
Burnham & Robinson Drig Co 
B F Edington Drig Co Inc 


~ BRiae 


101 


102 
103 
104 


Gary Drig Cc 


Greyhound Drig Co inc 
Nichols-Duncan Drig Co 
Nowery Drig Co Inc 
Penrod Drig Co 


C M Robenson Drig C 
Wheless Drig Co 


Calcasieu Parish 
Bilbo- Redding Drig Co Inc 


l 
2 


l 
5 
3 
2 
5 
1 
3 


Bge 6 


Bee 7 


Circle Drig Co Inc 

Delta Gulf Drig Co 
Harry L Edwards Drig Cx 
Gilger Drig Co Ltd 

Mac Drig Co 


Cameron Parish 


Brewster -Bartle Drig Co Inc 
Crown Drig Co of Tex 


10 
3 
1 
8 
l 

12 


ds! 

gas 

gas-btne 
gas-gaso-btne 600 


Unit U-15 


ds! 


stm 
gas-btne 
stm 

ds! elec 


gas-btne 
gas-btne 
ds! 


ds! 
ds! 
ds! 
gas 
ds! 


ds! 
gas-gaso 
gas-gaso 
gas-gaso 
gas-gaso 
btne 
btne 

ds! 
gas-btne 
dsi 

dsi 

ds! 
gas-btne 
gas-btne 


dsi 

ds! 

stm 
gas-btne 
stm 

stm 
gas-btne 
stm 


Wisn Giant 


Emsco ECA 
945 Emsco GB-800 


1700 ~=Emsco ECA 


600 
400 


Nati 60A 


600 
Beth 400 400 
730 


Ideco H-35 
Ideco H-30 
Brwstr N-75 
Brwstr N-7 
Ideco M-750 


450 
450 
1000 
600 
500 


400 
700 


750 


350 
100 
180 
200 
250 
90 
118 
260 
1350 
3000 
600 
730 
400 
600 


Brwstr V-170 
Failing 

120 Failing 

150 Hacker 

150 = Joy 


350 
100 


400 
1350 
300 


Brwstr N-4 
Nati 75-CA 
Nat! T-32 


400 = Brwstr N-45 
600 Emsco GB-350 
1050 = Oilwell 76 
550 Oilwell 64-8 
900 Emsco UBLS-54 
1200 = Nati 125 
1200 Nat! 23-9FE 
1000+ Nati 23-9-S 
225 Wisn 370 
500 Nati 23-9-FED 


1000+ 
1400 
1690 
1000+ 


1000+ 


Orlwell 96 1500 


Beth 1013 


1524 
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15,000 


9,500 
7,500 
9,000 


7,000 
6,000 
11,000 
7,500 
9,000 


6,000 


750/2%" 
1,500/2% " 
2,000/2% * 
2,500/2%" 


2,000 
4,000 
6,000 
11,000 
6,500 
9,000 
9,000 
7,300 
7,500 


12,500 

7,500 
12,500 
15,000 


13,000 | 


16,000 


6,000 | 
15,000 


16,000 | 


15,000 


Wheless Drig Co 
Woolf & Magee Inc 
Concordia Parish 


Clinch Drig Co 
Dorris Bellew Inc 


gas-btne 
stm 


Emsco J-750 
Nat! 34 


Hou Prtbie 
Unit U-15 


Jett Drig Co Inc 


DeSoto Parish 
Butler-Johnson Inc 
Greyhound Drig Co Inc 


Duchita Parish 
Nowery Drig Co inc 


Wisn Giant 


1000 ideco 1050 


Evangeline Parish 
A W Eggleston Inc 


Franklin Parish 
J B Fletcher Drig Co 


gas-btne Nati Ideal 60 


gas-btne Unit U-15 
ds! Wisn Giant 


Gadan Parish 
Drig & Exp! Co of Delaware inc 


Grand Isle Parish 
Loffiand Bros Co 


Nati 34-8 


Hancock Parish 


Woolf & Magee Inc gas-btne Beth MC-450 


Haynesville Parish 
Drig & Exp! Co of Detaware inc Emsco UBLS 


Emsco H-46M 


1200 
1000 
Iberia Parish 


Crown Drig Co of Tex 
Harry L Edwards Drig Co 


gas 925 Beth MC-450 
stm 1000+ BIW 12 





Faicon Seaboard Drig Co 
M M Lindsey Drig Co 
Loffiand Bros Co 

Ruhi Drig Co Inc 
Tri-States Drig Co 

C B Webster Drig Co 
Wheless Drig Co 


Iberville Parish 
Dorris Ballew Inc 
Glasscock- Wilson Inc 

M M Lindsey Drig Co 
Southern Six Drig Co Inc 
Sunnyland Contr Co Inc 
Wheless Drig Co 


gas 
stm 


stm 

gas-bine 
gas-btne 
gas btne 


1000+ Wheeland 
290 «= Nat! T-32 
1550 

Nat! idea! 
1200 «Nati 110 
1100 Emsco ECA-10% 
1000 = Wisn Titan 
900 «= Brwstr N-7 
1200 Nati 80 


Wisn Titan 
Nati 55 
Hou 876 


760 
1050 
380 
1000+ 
Emsco UBLS 
900 Emsco UBLS-54 





Total HP 

All Main Drawworks 
Mud Make and 
Pumps Model 





Total HP Total HP 
All Main Drawworks Avail- Rated 

Mud Makeand ableto Depth with Rig 
Model Drwwks 4%" Pipe Contractor's Name No. 


Total HP 

Avail- Rated 
able to Depth with 
Drwwks 4%" Pipe 


Type 


Rig = Type 
Power 


Contractor's Name No. Power Pumps 





Jackson Parish 
Wheless Drig Co 
Jefferson Parish 
Prince Drig Co 6 dsl 


Jefferson (Offshore) Parish 
Delta Gulf Drig Co 16 ds! 
24 ds! 
Rowan Drig Co Inc 8 dsi 
ll dsl 
Jefferson Davis Parish 
Brewster - Bartle Drig Co Inc 1 
Circle Drig Co inc 2 
Clegg & Hunt 4 
, 
7 
7 


1 gas-bine 


Crown Drig Co of Tex 
Harry . Edwards Drig Co 
Loffiand Bros Co 

The Power Rig Drig Co 


Sunnyland Contr Co Inc 
C B Webster Drig Co 
Lafayette Parish 


Bullard Drig Co inc 
Falcon Seaboard Drig Co 


3 
4 
8 
7 


Glasscock-Wilson Inc 
Owen Drig Co 


Lafourche Parish 
An-Son Drig Co 
Brewster-Bartie Drig Co Inc 
Delta Drig Co 


ae 


Dixie Drig Co Inc 
Gilger Drig Co Ltd 
Howell Holloway & Howell 


Loffiand Bros Co 


eSS8euoeu8E 


Mac Drig Co 
Norton Drig Co 
Owen Drig Co stm 
Penrod Drig Co 4 gas-btne 
37 dsl 

Rowan Drig Co Inc Bge 3 dsi-elec 
Southern Six Drig Co inc 6 
Standard-Fryer Drig Co 9 dsl 
Sunnyland Contr Co Inc 9 dsl 
Wheless Drig Co 4 stm 

Bge 9 dsl 

Bge 11 gas-btne 


Lafourche (Offshore) Parish 
Dixilyn Drig Corp 6 dsl 
Rowan Drig Co Inc 19 dsi-elec 
Lake Arthur Parish 

Drig & Exp! Co of Delawareinc 32 

La Salle Parish 

Penrod Drig Co 

Woolf & Magee Inc 

Lincoln Parish 

Arrow Drig Co 


= 
3 
— 


gas-btne 


~ 


Johnson Drig & Serv Co 
Wheless Drig Co 
Ouachita Parish 
Arrow Drig Co 


Plaquemines Parish 


Dorris Bailew Inc 
Bateman Drig Co Bee 
Bge 


Gracey-Hellums Corp 
Gulf Coast Drig Co Inc 


B-40 


600 + Emsco G-42 600 


1500 Oilwell 96 1500 15,000 


1200 Beth MC-950 
900 §©6Beth MC-950 
1920 Natl 125 

2250 = Unit-U-1220 


1000+ Ideco Big Gnt 
800 Nati N-75 


675 Beth MC-450 
1000+ BIW 12 


1000 = ideco 800 
700 «Unit: U-15 
Crdwil D 

1600 Emsco ECA-10% 


350 = Nati 34-10 
1200+ Ideco Gat 
1000+ BIW-12 
1200 BIW-12 
1200 = Nat! 80-8 

540 deco Big Gat 

555 Unit U-15 


650 Nati 75 
Oilwell 96 
1000 Emsco UBLS-54 
900 ideco Big Gat 
1520 Emsco J-1250 
Beth 
900+-Emsco UBLS-54 
Emsco 
BIW DN T-12 


1200 

600 Nati 23-9-S 
1400 =Emsco J-1250 
1000+ Emsco 


2150 Emsco EDA 

1350 Oilwell 96 
Crdwii D 

1000+ Emsco UBLS-54 

1300 = Nat! 130 

1200 Emsco )-1250 


1500 
2100 


Nati 130 
Unit U-1220-E 


1400 =Emsco ECA 


Beth S-45 


Wisn 

Emsco 

Beth. Breeze 200 
Wisn Atlas 700 


Ideco 1000 


380 =: Unit U-15 600 
900 Emsco EDA 54 1000 
900 Emsco UBLS 54-10 1600 
800 Nati 34-10-FE 1000+ 
1200 Beth MC-950 1200 


7,500 





dsi-elec 
ds! 
ds! 
ds! 
B L McFarland Drig Corp ds! 
Penrod Drig Co 44 
Prince Drig Co 2 dsl 
Rebstock & Reeves Drig Co 1 dsl 
Richardson & Stewart DrigCo 4 stm 
Rowan Drig Co inc 14 dsi-elec 
18 stm 
21 = dsi-elec 
Bge3 dsi 


Loffiand Bros Co 


Salt Dome Prod Co 
Shoreline Drig Co Inc Bge 5 dsl 
Southeastera Drig Co Bge 20 ds! 
Two R Drig Co inc 1 dsl 


Plaquemines (Offshore) Parish 


22 gas-btne 
5 dsl 

39 ds! 

40 dsl 

45 “ds! 

48 dsl-elec 
1 dsl 

127 dsl 

133 ,dsi 

148 «ds! 

149 ds! 

Penrod Drig Co 10 dsi 

Rowan Drig Co Inc 17 dsl 

Southeastern Drgl Co 23 ds! 


Pointe Coupee Parish 


Glassceck-Wilson Inc 10 gas 


Richland Parish 
™ J Delaney Co 


Sabine Parish 
Woolf & Magee inc 


St. Charles Parish 
Brewster - Bartle Drig Co Inc 2 dsl 
Harry L Edwards Drig Co 
Loffiand Bros Co 39 stm 
Norton Drig Co Bge5 dsi 
Marshall R Young 8 


St. James Parish 


Loffiand Bros Co 
Wheless Drig Co 


St. Landry Parish 

Brewster-Bartle Drig Coinc 10 gas 
Grey Wolf Drig Co 3 stm 

The Power Rig Drig Co Bge? dsi 

8 gas-btne 
4 stm 

2 gas-btne 
1 stm 


Delta Gulf Drig Co 
Win Hawkins Drig Co 
Kerr-McGee Oil Ind Inc 


Loffiand Bros Co 


gas-btne 


gas-btne 


Gilger Drig Co Ltd 
Win Hawkins Drig Co 
Richardson & Stewart Drig Co 


St. Martin Parish 
Bullard Drig Co inc 1 stm 
Delta Gulf Drig Co gas-htne 
stm 
C & Glasscock Drig Co ds! 
Glasscock Wilson Inc gas 
gas 
Howell Holloway & Howell! stm 
The Power Rig Drig Co gas-btne 
Carnes W Weaver Drig Co gas-btne 
C B Webster Drig Co stm 


St. Mary Parish 
Carter Beveridge Drig Co 22 
Norton Drig Co Bge 3 
Rowan Drig Co tnc Bee 6 
Shoreline Drig Co Inc Bge 3 
Bee 6 

Southeastern Drig Co Bge 14 
Whefless Drig Co 8 
Bgel4 , 

5 ‘stm 

8 stm 


C B Webster Drig Co 


Bge 10 rotary ds! 


1150 
1450 
1120 
1150 

700 


1850 
1050 

126 
1600 
1800 
1000 

750 
1240 

600 
1050 


1050 

1200 

1500 
900+ 


126 


1200 
1660 
1600 
1600 


800 
700 
1200 


675 
1200 
1200 
1650 
1700 


1000+ 
1300 


1026 
1400 
1050 
1320 


16,000 
18,000 
18,000 
18,000 
12,000 
18,000 
16,000 
15,000 
15,000 
18,000 
18,000 
12,000 
12,500 
12,500 
16,000 
15,000 


Nati 75 
1400 
Orlwell 96 1500 
Wisn Sup Titan 1425 
Natl ideal 34 =‘ 126 
Emsco ECA 2325 
Emsco ED 750 
Emsco ECA 1920 
Nati 110 
Unit U-40 
Oilwell 96 
Wisn Titan 


1200 
1100 
1425 


1200 
1400 


15,000 
14,000 
16,000 
16,000 
16,000 
16,000 
18,000 
18,000 
18,000 
20,000 
20,000 
18,000 
15,000 
17,000 


Emsco J-1100 
ideco PR-1050 
Nati 125 
Emsco J-1600 
Orlwell 96 
Emsco EDA 


1600 


Nati 125 
Oilwell 96 


Nati 55 10,500 


Oilwell 96 14,000 


Beth MC-450 11,000 


Oilwell 96 
Ideco PR-1050 


Oilwell 96 
Wisn Titan 


Nati 34-10FE 


Oilwell 76 
Biw 12 
Emsco GB-800 
*ideco 7-11 
Emsco 

Unit U-15 
Nat! Idea! 


Nati 34-10 FE 
Emsco J-1000 
Natt 34-10-FE 
Nati 110 

Nati 110 

Nati 110 
Emsco 

Emsco GB-500 
Oilwell 


Nati FE-34-10 1200+ 


Beth MC-450 
Nat! 34 
Emsco ED 
Unit U-20 
Nati 23-9 
Oilwell 96 
Emsco UBLS 
Emsco J-1400 


1350 Nati FE-23-10% 


1600 


Nati FE-34-10 
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helps keep mud 
fluid in hot holes! 


The deeper you drill the more headaches 
you come up with . . . usually! But DriscosEe 
gives you a high-stability mud. Low pH, low 
solid, DrISCcOSE emulsion muds have been a 
tremendous aid in solving gelation problems 
in deep, high temperature wells. 


Drilling and completion work with a low 
solid DriscosE emulsion mud reduces the 
need for treating chemicals. Some chemicals 
alter the resistivity of mud and flatten the 
spontaneous potential curves. DRISCOSE 
emulsion mud gives a more accurate electric 
log due to the reduction of these chemicals. 


DRIscosE provides excellent water loss 
~ MY The photo above shows control and greatly improves the weight- 
\ the fluidity of a Dris- : . ; 

= \ eg at ted aa Cpeeing properties of the mud. It is easily 

UO ‘ aged at 325°F. The in- handled; soluble in hot or cold water. Order 
t shows th t- 

; ~~ hye wean sae 98 DRISCOSE from your regular mud dealer. 

high lime content mud Expert technical assistance is available on 

aged under the same = Your special mud problems. Write for full 


conditions. , 2 
information on DRISCOSE. 


DRILLING SPECIALTIES COMPANY BARTLESVILLE, OKLAHOMA 


*Driscose Is @ trademork for oon pure Sodium Corboxymethylcoliviose. 
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Total HP Total HP 
All Main Drawworks Avail Rated 
Mud Makeand ableto Depth with 
Power Pumps Model Drwwks 4%" Pipe 


Total HP Total HP 
All Main Drawworks Avail- Rated 
Mud Mekeand ableto Depth with 
Pumps Mode! Drwwks 4%" Pipe 


Rig 
No. 


Type 


Power Contractor's Name 


Contractor's Name 








St. Mary (Offshore) Parish 


Ashby Drig Co Ltd 2 
Liano Drig Co 6 
Loffiand Bros Co 62 
125 
145 
144 
12 
25 


Salt Dome Production Co 
Southeastern Drig Co 


Tensas Parish 
C A Hilburn Drig Contr 
Jett Drig Co inc 


Larco Drig Co 


Terrebonne Parish 
Brewster-Bartle Drig Co Inc 


_- 
—-~s Oo 


Circle Drig Co inc 
Dixie Drig Co Inc 


Falcon Seaboard Drig Co 
C G Glasscock Drig Co 


Gracey-Hellums Corp 
Loffland Bros Co 
Norton Drig Co Bee 
Penrod Drig Co 


18 
4 
45 
Rowan Drig Co inc Bge 1 
Southeastern Drig Co Bge 9 
Southern Six Drig Co Inc 2 


Terrebonne (Offshore) 
Big Chief Drig Co 4 
Dixilyn Drig Corp ‘ 7 
Union Parish 
Arrow Drig Co 
Vermilion Parish 
Clegg & Hunt 


Delta Gulf Drig Co 

Dixie Drig Co Inc 

Faicon Seaboard Drig Co 
Gracey-Hellums Corp 
Win Hawkins Drig Co 


Don Hili Well Serv Inc 
Loffland Bros Co 

Mac Drig Co 
Shoreline Drig Co inc 


- — 
=SSraenwn-aoon 


Bge 4 


ds! 
ds! 
ds!-elec 
dsi-elec 
dsi 


300 
246 
166) 
1050 
1225 
1770 


dsi 
dst 
ds! 


dsi 
ds! 
stm 
ds! 


dsi 

stm 
stm 

stm 
gas-btne 
stm 

ds! 

ds! 
dsi-elec 
ds! 

stm 


Parish 
ds! elec 


1600 
600 
1000+ 


1650 
2250 


gas 1250 


stm 

stm 
gas-btne 
ds! 

stm 

stm 


800 


1000+ 
1020 

stm 1000+ 
stm 1000+ 
gas-gaso-btne 350 

stm 
stm 
ds! 


600 
1860 


Vermilion (Offshore) Parish 


Crawford Drig Co 1 
Kerr-McGee Oil Ind Inc 44 
Loffiand Bros Co 79 


Webster Parish 


Johnson Drig & Serv Co 
Penrod Drig Co 


Winn Parish 
Woolf & Magee Inc 


Barry County 
Fen-Par Exp! Co Inc 
Clare County 
Gordon Drig Co 


Manistee County 
Gordon Drig Co 


B-42 


ds! 
ds! 
ds! 


695 
1760 
1700 


ds! 225 


stm 
stm 


stm 
gas-btne 


gas-btne 275 
MICHIGAN 


ds! 100 


btne-gas 


btne-gas 


Nati T-20 
Oilwell 96 


Beth Tornado 
Nati 130 


Wisn 
Wisn 


Oilwell 64-B 


Oilwell 96 
Oilwell 96 
Oilwell 96 
Nati 12 

Beth 

Beth 

Nat! 3410 
Emsco J-1250 
Nati 125 
Unit U-12-20 


Nati 34-10 


Emsco ECA 
Oilwell 96 


Emsco EDA 
Nati 110 


Emsco 


Ideco Bg Gnt 
Nati 9-DMB 
Nati 75 

Beth 

BIW-i2 

Nat! 23-9FE 
BIW 14 

Nati 34-10FE 
Crdwil K 


Nati 23-9-S 
Unit U-1220 


Brwstr N-7 
Ideco 1350 


Beth Twister 


Beth S-45 


Failing 1500 
Oilwell 66 


Oilwell 64 


300 
1800 
1400 
1600 
1260 
1510 


1100 


700 
800 
750 


1500 
1500 
1500 
1440 


1800 


1500 
1500 


1095 
1500 
2475 
1600 
1000+ 


8,000/3% * 
20,000 
20,0000 
20,000 
14,000 
18,000 
14,000 
17,000 


10,000 
10,000 
9,000 
9,500 
8,000 





Midland County 
Gordon Drig Co 


Montcalm County 
Gordon Drig Co 
Newaygo County 
Fen-Par Exp! Co Inc 
Ogemaw County 
Gordon Drig Co 
Osceola County 
Gordon Drig Co 


Adams County 
Clinch Drig Co 

Jett Drig Co inc 
Sunnyland Contr Co Inc 


Canton County 
Drig & Expl Co of Del. inc 


Hancock County 
Marshall R Young Drig Co 


39 


Hinds County 
Larco Drig Co 


Jefferson County 


Jett Drig Co inc 2 
Petersen Drig Co 5 


Jefferson Davis County 
Marshall R Young Drig Co 5 
Sunnyland Contr Co Inc ll 
Lincoln County 

Marshall R Young Drig Co 
Monroe County 

Marshall R Young Drig Co 
Ovett County 

Drig & Expl Co of Del inc 

Pearl River County 
Crawford Drig Co 


Dixilyn Drig Corp 
Dorris Ballew Inc 


Smith County 
Marshall R Young Drig Co 


Tri-State Drig Co 

Soso County 

Drig & Expl Co of Del inc 
Wayne County 
Thompson Exp! Drig Co 


Wilkinson County 
Petersen Drig Co 


Wilson Drig Co Inc 


Nevado County 
Walters Drig Co Inc 

St. Louis County 
Eakle & Holder Drig Co 


Big Horn County 
Mesa Drig Co Div of Camay 


Carbon County 

Loffland Bros Co 151 
Mountain States Drig Co Inc 9 
True Drig Co 9 


ds! 
ds! 


btne-gas 


ds! 


btne-gas 


btne-gas 
MISSISSIPPI 

dsi 

ds! 


ds! 
ds! 


gas-gaso 1200 


gas-gaso 


gas-gaso 


gas-gaso 


500 
ds! 500 
ds! 212 


MISSOURI 


ds! 


gas 200 
ds! 200 
MONTANA 


ds! 510 


720 
1400 
900 


gas 
gas-ds! 
gas-gaso 


Wisn Giant 
Wisn Giant 


660 
660 


10,000 
7,000 


Oslwell 64 5.00 
Failing 1500 


Oilwell 64 


Nat! 50-A 


Emsco GA-350 350 
. 500 
Ideco H-30 4000 
Ideco H-40 


Emsco J-1100 


Nati 75 
Nat! 34 


Oilwell 96 
Oilwell 96 
Oilwell 76 


Crdwil S 


Wisn Atlas 
ideco H-750 


Nati 75 
Nati 50-A 558 
Emsco J-1100 1050 


Oilwell 9 
Nati 75 
Wisn Titan 


500 
650 
1300 


Nati 34 
Wisn Titan 
Nat! 80-B 


1480 
1122 
900 


Emsco GB-800 


Crdwit 0 
Unit U-15 
Ideco H-35-D 


600 
424 


Mayhew 1000 


Brwstr N-4 


Nat! 50-A 


Nati 125 
Unit U-40 
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youre a full step ahead 


_ 
“ih HYDRILN 


TWO-STEP THREAD! 
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HYDRIL COMPANY 


714 W. OLYMPIC BLVD., LOS ANGELES 15, CALIF 


LOS ANGELES; HOUSTON, TEXAS; YOUNGSTOWN, OHIO; ROCHESTER, PA 


DRILL PIPE...CASING...OR TUBING...YOUR BEST CONNECTION IS HYDRIL 
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Contractor's Name 


Carter County 
) D Sprecher 
Dawson County 
Helmerich & Payne Inc 


Fallon County 


Black Hills Drig Co inc 
Brinkerhoff Drig Co 
Zach Brooks Drig Co 


Helmerich & Payne inc 
Hewit-Gulick Drig Co 


Fergus County 
Anschutz Drig Co Inc 
Glacier County 
M-H-O Drig Co 
Musselshell County 
Exploration Drig Co 

Kirby Oil ind 

Prairie County 
Pioneer Drig Co Inc 
Roosevelt County 
Zach Brooks Drig Co 


Mountain States Drig Co Inc 
Pioneer Drig Co Inc 

Paul F Rutledge 
Rosebud County 
Kirby Oil Ind 

Rowan Drig Co Inc 
Stillwater County 


Mountain States Drig Co Inc 


Teton County 
Mountain States Drig Co Inc 


Valley County 

Paul F Rutledge 
Wheatiand County 
Kirby Oil Ind 

Wheelan County 
Myers Drig Serv 

Wibaux County 
McAlester Fuel Co 

J D Sprecher 
Yellowstone County 
R L Manning Co 


Pioneer Drig Co Inc 
Reserve Drig Co 


Banner County 
Garvey Drig Co 


Miracle-Fifer Drig Co 


Cheyenne County 
Exeter Drig Co 
Lohmann-Johnson Drig Co Inc 
Devel County 

Don M Rounds Drig Co Inc 
Kimball County 
Ashby Drig Co Ltd 

Baird & Pteifer Drig Co 
Brack Drig Co Inc 

Delta Drig Co 

Miracle-Fifer Drig Co 

The R W Rine Drig Co 
Rogers Oi! Co inc 

Don M Rounds Drig Co Inc 
McPherson County 
Buick Drig Inc 


B-44 


Rig 
No. 


ind 
Neon aan = 


Type 
Power 


ds! 


ds! 
ds! 
ds! 


ds! 
gas-btne 


gas-dsi 
ds! 

gas 
gas-gaso 
ds! 


btne-gas 
dsl 


ds! 
ds! 
gas-gaso 


Total HP 

All Main Drawworks 
Mud 
Pumps Model 


600 


700 «Oilwell 76 


Emsco GA-500 
Emsco GC-500 
Brwstr N-75 
Brwstr N-75 
Nati 75CA 
Nat! 50-A 
Nat! 80 


1000 
800 


Wisn Giant 


Unit U-15 


Beth S-50 
Mayhew 3000 


Emsco GB-800 


Brwstr N-7 
Brwstr N-7 
Nat! T-32 
Emsco GB-500 
Beth M-58 


Unit U-34 
Nati 75 


Emsco GB-500 


Ideco M-1000 


Beth M-450 


Unit U-15 


Cardwell 


Nat! 100 


600 Nati 80-B 


550 
550 
800 
500 


Emsco 6-500 
Nati 50 
Emsco GA-500 
Nati 50 


NEBRASKA 


ds! 
ds! 
btne 


dsl 
ds! 


ds! 


ds! 

gas 

ds! 

ds! 

btne 

ds! 
btne-gas 
dsi 


dis 


Wisn Giant 
Wisn Giant 
Unit U-15 


300 
300 
300 


Emsco GA-350 
Nat! 50 


Nat! 50 


Nati T-20 
Unit U-15 


Fraks SAL-6000 
Unit U-15 
Brwstr N-75 
Unit U-15 
Crdwil 0 


Unit U-34 


Total HP 


Avail- 


800 
1455 
1455 
1100 

600 

900 


280 


Rated 


Make and able to” Depth with 
Drwwks 4%" Pipe 


9,500 


10,000 


| 
| 








Contractor's Name 
Morrill County 
Zephyr Drig Corp 
Richardson County 
Nemaha Oi! Co 


Scottsbluff County 
Anschutz Drig Co Inc 


Churchill County 
Barry Well Drig Co 

Nye County 

Jett Drig Co Inc 


Chaves County 
Donnell Drig Co 
Eddy County 
Great Western Drig Co 


McDaniel & Beecher! Drig Co 


Grant County 
Taylor Exp! Co Inc 


Guadalupe County 
La Mance Drig Co 


Lea County 
Alvon Drig & Expi Co 
Arrow Drig Co 

Big Chief Drig Co 
Cactus Drig Corp of Tex 


ind 


fFwwnwwneWwNnrenNnuws on wn & rv 


Carper Drig Co Inc 


Clark Dale Drig Co Inc 
Coroco Drig Co 


J C Crain Drig Co 


D-K Drig Co 


nN 


Delta Gulf Drig Co 
Donnell Drig Co 
Durham Drig Co Inc 


oe 
So 


Great Western Drig Co 
Helmerich & Payne Inc 


ae 
-_ 


La Mance Drig Co 
Lee Drig Co 
Livermore Drig Co 


Liano Drig Co 
Loffland Bros Co 
Lowe Drig Co 


Seweoant 


Makin Drig Co 


—~Ooen~ = Ow &® 


ZRenrexwasaunnw ie 


McQueen & Stout Drig Co 
R & H Olsen Drig Co 


LH & SA Olson Drig Co 
Robinson Brothers Drig Co 
Rowan Drig Co Inc 

Sabine Drig Co 
Schoenfeld-Hunter-KitchDrigCo 
Sharp Drig Co 


— 
wn 


Total HP 

All Main Drawworks 
Mud Make and 
Pumps Model Orwwks 


Total HP 


Avail Rated h 


able to Depth with 
4%" Pipe 


Type 
Power 


ds! 258 Beth S-45-E 165 4,000/2%" 


ds! 370 ©=Frnks SAL 3000370  4,500/3%”" 


300 = Wisn Giant 280 5,000 


NEVADA 


dsi 


200 


ds! 600 Brwstr N-7 


NEW MEXICO 


gas-btne 400 Amer MC-350 


gas-gaso 
gas-gaso 


gas-gaso Hou Prtble 


Mayhew 


Wisn Titan 


740 
1200 
1425 

500 

675 

450 

675 

650 


Emsco J-750 
Emsco 1000 
Nati 100 
Nati 75 
Ortwell 96 
Beth M-58 
Unit U-15 
Beth S-55 
Nati 50 
650 Oilwell 96 
650 Wisn Super Titan 
Natl 

Emsco 
Emsoc 
Emsco 

Nati 50 
Nat! 50 
Wisn Titan 
Unit U-15 
Unit U-15 
Ideco 7-11 


gas 
dsl 

gas 
gas-btne 
gas-btne 
gas-btne 
gas-btne 
gas-btne 
gas 
gas-gaso 
gas-gaso 
gas-btne 
gas-btne 
gas-btne 
gas-btne 
gas 

gas 
gas-btne 
gas-btne 
gas 

gas 

dsl 

gas 

gas 

btne 
gas-gaso 
gas 

gas 

ds 

gas 

gas 

gas 

gas 

gas 

gas 
gas-gaso 
gas-gaso 
gas-gaso 
gas-gaso 
gas-gaso 
gaS-gaso 
LPG 

gas 

gas 

gas 

gas 

gas 

gas 
gas-btne 
gas 
LPG-gas 
gas 

gas 


Nati 110 

Oilwell 96 
Frnks 5000 
Oilwell 76 
Wisn Titan 
Nati 75 

Oilwell 96 


Nati 75 
Nat! 125 
Nat! 125 
Wilson 
Nat! 100 
Wisn Titan 
Wisn Giant 
Wisn Titan 
Wisn Giant 
Wisn Titan 
Wisn Giant 
Crdwil RL 
Wisn Giant 
Wisn Giant 
Hou Prtble 
Wisn Titan 
Nat! 50 
Brwstr N-75 
Nati 75 
Nati 110 
Beth 650 
Beth 1013 
Beth M-810 
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THE WORLD AROUND... 


GARDNER-DENVER MUD PUMPS GIVE 


Serving the Oil and Gos Industries 


CONTINENTAL SUPPLY COMPANY 
A Division of The Youngstown Sheet and Tube Company 
General Offices: DALLAS, TEXAS 


Representatives in All Principal Oil Fields of the World 


UNSURPASSED SERVICE 


There are many sound reasons why Gardner- 
Denver Mud Pumps are universally accepted as the 
most consistently dependable in performance and 
economical in operation. Exclusive engineering 
design features assure maximum trouble-free per- 


formance ...a minimum of maintenance. 





WHETHER YOU ARE ROPING CATTLE 
OR SPINNING DRILL PIPE...IT’S 


4 en 
PERFORMANCE THAT COUNTS: ya 


NEY BEDFORD 


IS THE BEST ROPE a 


FOR THE JOB! a 'g 


4 > 
good performance depends on ce ‘ r 
, \ 


good quality... proved quality 
found only in New Bedford. | 





Serving the Oil and Gas Industries 


CONTINENTAL SUPPLY COMPANY 
A Division of The Youngstown Sheet ond Tube Company 
General Offices: DALLAS, TEXAS 


Representotives in All Principal Oil Fields of the World 





Total HP Total HP Total HP 
All Main Drawworks Avail- Rated All Main Drawworks Avail- Rated 
Make and ableto Depth with Mud Makeand ableto Depth with 


Contractor's Name ; Model Drwwks 4%" Pipe Contractor's Name Pumps Mode! Drwwks 4%" Pipe 





Ideco H-30-D 225 5,000 | Beaver County 
Emsco 800 1050 11,000 | Big Chief Drig Co 
Beth 810 1050 12,500 | Big X Drig Co inc 
Beth 810 105 12,500 | Empire Drig Co 
Beth 450 700 11,000 | Faicon Seaboard Drig Co 
Beth 450 1050 11,000 | Gabbert-Jones Drig Co 
Clark Pr-1000 1050 12,500 Garr-Woolley Co 
Emsco GA-500 555 9,000 | Helmerich & Payne Inc 
Emsco G-300 3380 6,000 
290 6,000 Keating Drig Co 
Rio Arriba County Midwestern Drillers Inc 
Empire States Drig Co Unit 5,000 R W Rine Drig Co 
aoese 6,500 | Webster Drig Co 
Wisn 3,500 
Frnks 5000 5,000 
: 5500 | Bryan County 
7,500 | Kidd Williams Drig Corp gas Wisn Atlas 
Nati S0-A 9,000 
Wisn Giant 5 7,500 Caddo County 
Beth C-50 7,000 | Arrow Drig Co eas Ideco 1000 
Falcon Seaboard Drig Co gas Beth 1013 
San Juan County G H Ray Well Serv prop-gas Wilson 
Durham Drig Co Inc gas Unit U-15 8,500 i 
Empire States Drig Co gas-gaso Wisn 3,500 Carter County 
Fleeger-Riley Drig Co Inc gas Unit U-15 8,000 | Newton Barrett Drig Co 
gas Unit U-15 8,000 Preston Carter Drig Co 
Gardner Bros Drig Co Inc gas-btne Nati 50-A 8,500 | RA Davenport Drig Contr 
gas-btne Crdwil R 3,300 | Fain-Porter Drig Co 
Great Western Drig Co gas-gaso 7,500 | Flournoy-Haston Drig Co inc 
gas-gaso 9,000 
gas-gaso “ 7,500 | Goldsmith & Perkins Inc 
H B Lynn Drig Corp gas-btne Nati 50 7,500 | Graves Drig Co 
George Noland Drig Co Inc gas-btne Emsco GA-500 8,500 | Rogers Oil Co Inc 


Cimarron County 


Roy H Smith Drig Co 
A W Thompson Inc 


nn 
~ 


gas JS&G Spad Spr 960 
gas-gaso 

gas Unit U-15 650 
gas-btne Unit U-15 

gas Emsco 300 300 
gas-btne Emsco 350 
gas Emsco GB-500 
gas Emsco GB-500 
gas-gaso 

ds! Unit U-15 

gas Emsco 500 
ds! Brwstr N-75 
gas Emsco 450 
gas Beth 


Velma Petroleum Corp 


SFr wea 


On enoenoanewe | 
ss 


SSkBZSF8E 


Western Drig Co Inc 


On e& eww 
C4) 
w 


S228 


Fleeger-Riley Drig Co Inc 
Great Western Drig Co 


KRSuwne 


Nichols-Duncan Drig Co 


— 
-o w 


Paul F Rutledge 


gas-gaso Nati 50 
gas-gaso Wisn Mogu! 
gas-btne Wichtex B4 
gas Emsco GA-250 
gas Unit U-34 
gas Wisn Atlas 
gas-btne Beth S-60 
ds! Frnks 4000-A 
btne-gas Unit U-15 


ne wwe wr w 


Union County 


Service Drig Co LPG Unit U-15 
k 
py SiS tes = = mee anes Wagner & Wyant Drig Co inc ds! Unit U-15 
NEW YORK 


Cleveland County 


Big Chief Drig Co gas Unit U-45 
gas Nati 55 


Tully County 
Gordon Drig Co S-7 dsl Crdwil S 


33 
NORTH DAKOTA Bryant-Hayward Drig Co gas Nati 50 
Bottineau County gas Unit U-15 


; Calvert Drig inc gas-btne Unit U-15. 
Cardinal Drig Co (Bismark) 1 dsl 320 Emsco GB-250 dsl Unit U-15 
Curke County ds! Ideco H-525 
Calvert Drig Inc gas-btne Ideco H-35 NV Duncan Drig Co gas Oilwell 64-B 


ds! Ideco H-526 . gas. Nati 50-A 
T T Eason Co Div Eason Oil Co gas Nati 80-8 


Foster County Fain-Porter Drig Co gas Wisn Titan 
Cardinal Drig Co (Bismark) Nati T-20 : Fleeger-Riley Drig Co inc gas Wisn Giant 
Garr-Woolley Co gas-btne Emsco 500-GB 
McKenzie County gas-btne Emsco 500-GC 
Brinkerhoff Drig Co dsi-gas Emsco J-750 Johnson & Flesher Drig Co gas Emsco GA-500 
Helmerich & Payne Inc gas Oilwell 76 Lynn Drig Co gas-btne Nati 75 
Penrod Drig Co dsi gas-btne Nat! 75 
Rowan Drig Co Inc gas-btne Nati 75 Nichols-Duncan Drig Co gas-btne Nati 50-A 
Reading & Bates Inc gas-btne Nati 75 
Tiogo County Riceland Corp gas Nati T-32 
Loffiand Bros Co , gas Brwstr N-75 


Williams County Coal County 


Brinkerhoff Drig Co dsi-btne 900 Marcum Drig Co gas-btne Emsco GA-500 
600 


Helmerich & Payne Inc gas 
Penrod Drig Co ds! Commanche County 


ds! ; JH & S Petroleum Corp gas-gaso Wichita 55 


Rowan Drig Co Inc gas-btne 1140 
Paul F Rutledge gas 450 Creek County 
Claybrook Drig Co inc 


OHIO # E R Drig Co 
Lake County Mesker Drig Co 


Eakle & Holder Drig Co dsl 300 =—s Nati T-20 ; Sabre Drig Co 
Scat Drig Co 
OKLAHOMA Viersen & Cochran 


Alfalfa County Wade Drig Co 
D & M Drig Co Inc gas-btne 550 Nati 50 
Viersen & Cochran gas 325 Emsco G-300 
Zephyr Drig Corp gas 350 = Nat! 50 
Atoka County 
Viersen & Cochran 


SES8SSEE8 


s 


Crdwil 0-63 
Franks 

Joy 300 
Unit U-34 
Wichtex R-6 
Nati T-16 
Wisn Mogu! 
Crawil L 


wrwnn en = 





Dewey County 
Viersen & Cochran Wisn Titan 
Nat! 50 00 | Garfield County 


Delaney Drig Co gas-btne Unit U-15 
Altus County | Hayward Drig Co dsi-gas Wilson 
Walters Drig Co Inc Mayhew 1000 | Zephyr Drig Corp gas Nat! 50 
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Contractor's Name 


Garvin County 
An-Son Drig Co 

Big Chief Drig Co 

Big X Drig Co Inc 
Preston Carter Drig Co 


Dearing Inc 


Doak Drig Co 

Falcon Seaboard Drig Co 
Flournoy- Haston Drig Co 
Goldsmith & Perkins Inc 
Hap Drig Co 

Helmerich & Payne Inc 


Jennings Drig Co 

Jet Drig Co inc 
Keating Drig Co 
Kerr-McGee Oil Ind Inc 


Kidd Williams Drig Corp 
Kingery Drig Co Inc 
Loffiand Bros Co 


Nichols-Duncan Drig Co 
Reading & Bates Inc 
Sikes: Burckhalter 
Viersen & Cochran 


Webster Drig Co 
Chester H Westfall Drig Co 
Grady County 


Big Chief Drig Co 
Falcon Seaboard Drig Co 


Glendale Drig Co 
Helmerich & Payne inc 
Schafer Drig Co 

Viersen & Cochran 

Dick Wegener Drig Contr 


Chester H Westfall Drig Co 
Kidd Williams Drig Corp 
Grant County 

DM & R Drig inc 

Newton Barrett Drig Co 
Viersen & Cochran 
Harper County 


An-Son Drig Co 
Helmerich & Payne inc 
R W Rine Drig Co 


Vierson & Cochran 
Webster Drig Co 


Hughes County 
Moutray Drig Co Inc 
Jefferson County 
Meridian Drig Co 

Kay County 


Folk Drig Co 
Glenn Gillespie & Sons 
Dave Morgan Drig Co 


Tennant Drig Co 
Lincoln County 
Frizzell Drig Co 
Gart-Woolley Co 
Lincoln Drig Co 

Lynn Drig Co 

Sabre Drig Co 


Scat Drig Co 


Unit Drig Co 
Viersen & Cochran 


B-46 


BVuacadGevenna~aen fe 


ooewow 


—-8ISe"%2 


ede 


Type 


Power 


gas 
gas 
aS-gaso 
gas-gaso 
gas-gaso 
gas-gaso 
gas-btne 
gas-btne 
gas-btne 
btne-gas 
gas-btre 
gas-btne 
gas-btne 
gas 
gas 
gas 
btne-gas 
gas-btne 
gas-gaso 
gas 
gas 
gas 
btne-gas 
gas 
gas 
gas-btne 
gas-btne 


gas 
gas-btne 
gas-btne 
gas 


gas-gaso-btne 320 


ds! 
gas-gaso 
gas 
ds! 
gas 
gas-gaso 
gas 


gas 
gas-gaso 
gas 


gas 
gas 
btne-gas 
btne-gas 
gas 
gas 
gas 


btne 


gas-btne 


ds! 


gas-gaso 
gas-btne 
gas 
gas-btne 
ds! 
gas 
ds! 
gas-btne 
gas 


Total HP Total HP 

All Main Drawworks Avail- Rated 
Mud Make and ableto Depth with 
Pumps Model Drwwks 4%” Pipe 


680 Beth MC 450 850 10,000 
Emsco 1250 15,000 
750 10,000 
325 Oilwell 64A 8,000 
Ideco 11,000 
450 «=o BIW 16,000 
Nati 50 7,000 
Nati 100 15,000 
Oilwell 6,000 
Nati T-32 5,500 
Beth 450 10,000 
Nat! 100 14,000 
Beth 650 12,000 
Emsco H-46 8,000 
Nati 80 10,000 
Nati 80 10,000 
Wisn Giant 9,000 
Emsco 800 10,500 
12,000 
11,500 
11,500 
15,000 
4,500 
11,000 
11,000 
5,500 
11,000 
8,500 
10,500 
10,500 
10,500 
12,000 
10,400 


Nati 75 
Nati 75 
Wisn Titan 
Wilson 


Wisn Giant 
Nati 100 
Wisn Giant 
Nati 55 
Nati 75CA 
Nati 75 
1050 deco 7-11 
625 Unit U-15 


15,000 
16,000 
16,000 
16,000 

5,000 
13,000 
14,000 
14,000 

5,500 
10,000 
10,400 
18,000 


1650 Nati 110 
900 Unit U-20 
1050. Beth 950 
1200 Beth 650 - 
Unit U-10 
1100 = Nati 110 
1000 Unit U-40 
980 Emsco J-1250 
300 = Frnks SAL 
350 Wheland B-85 
Unit U-15 
1050 = Wisn Titan 


5,000 
8,500 
5,500 


320 = Wisn Giant 
Brwstr N-7 750 
255 Nati T-25 


480 Unit U-15 540 

500 Emsco GB-500-82 700 
620 Unit U-15 600 

520 Brwstr N-55 550 

500 Nati 50 

450 Nati 50 450 

7 Unit U-15 700 


7,500 
7,500 
7,500 
7,500 
9,000 
7,500 
8,500 


280 Emsco GB-160 4,500 


Ortwell 64-B 8,500 


Crdwil RL 
Wisn Mogul 
Nati T-20 
Nati T-32 
Fraks 6000 


4,500 
6,000 
6,000 


7,500 
5,500 


Wilson 
Emsco 300 
Brwstr N-3 
Nat! 50 
Unit U-10 
Brwstr N-3 
Emsco 300 
Unit U-34 
Nati T-25 


7,000 
6,000 


5,500 
5,500 





4,000 | 
6,000 | 


4,500 | 


4,000 | 
5,500 | 


Contractor's Name No 





Logan County 
An-Son Drig Co 
Baker-Munday Drig Co 
Newton Barrett Drig Co 
Lee Evans Drig Co Inc 
Hap Drig Co 
Nichots-Duncan Drig Co 
Nuckolls- Bell Drig Co 
Summit Drig Corp 


Love County 
Flournoy-Haston Drig Co 
Johan Drig Co 

Viersen & Cochran 

Dick Wegener Drig Contr 


Marshall County 
T T Eason Co Div Eason Oil Co 
Jackson Drig Co 


McClain County 
Arrow Drig Co 

Heimerich & Payne Inc 
Reading & Bates Inc 
Viersen & Cochran 
Webster Drig Co 

Chester H Westfall Drig Co 
Kidd Williams Drig Corp 


Murray County 


Johnson-Bates Drig Co 
Riceland Corp 


wn Oe = & = Ww 


Muskogee County 
Beckman Inc 


Type 
Power 


gas 
gas 
ds! 
gas 
gas 


gas-btne 


ds! 
gas 


gas-btne 
gas 
gas 
gas 


gas 
gas 
gas-btne 
gas 
gas 
gas-gaso 
gas 


gas 
gas 
gas 


Hwo)gas 


17(wo) gas 


Reed Drig Co 3 


Noble County 

T T Eason Co Div Eason Oi1Co 15 
Hap Drig Co 2 
Johnson & Flesher Drig Co 

The Novak Drig Co 

Summit Drig Corp 

Kidd Williams Drig Corp 


Okfuskee County 
Claybrook Drig Co Inc 
Melco Drig Co 


Oklahoma County 

CH &C Drig Co 1 
HE R Drig Co 1 
Newton Barrett Drig Co l 
Faicon Seaboard Drig Co 18 
Johnson & Flesher Drig Co 250 
Dave Morgan Drig Co 
Nuckolls-Bell Drig Co 3 
Webster Drig Co 3 


Okmulgee County 
R L Horn & Sons Drig Co 
Seran & Howard Drig Co 
Smallwood & Son 

Trusco Drig Co Inc 
Osage County 
Curt Brown Drig Co 


Doak Drig Co 


Falcon Seaboard Drig Co 
Glenn Gillespie & Sons 


~—owwe OWN N = 


John Heard & Co Inc 
Indian Drig Co 


Al Johnson Drig Co 


—-Ne Ne Ne 


Mesker Drig Co 


gas-gaso 


gas 
gas 
gas 
gas 
ds! 
gas 


gas 
gas-btne 
gas-gaso 
ds! 

gas 
LPG-gas 
ds! 

gas 


ds! 

gas 
gas-btne 
ds! 


ds! 

ds! 
btne-gas 
btne-gas 
gas-btne 
gas 

ds! 

gas 

gas 
gas-dsi 
gas-LPG 
gas-LPG 
btne 

ds! 

btne 
btne 
gas 


Total HP 

All Main Drawworks 
Mud 
Pumps 


400 
325 


160 
350 


300 


300 
500 


Total HP 

Avail- Rated 
able to Depth with 
Drwwks 44” Pipe 


Make and 
Model 


4,500 
7,500 
5,800 
4,500 
8,000 


Beth Breeze 250 
Beth Twstr 360 
Unit U-10 350 
Beth Breeze 150 
Emsco GB-500 550 
Nati 50-A 650 9,000 
Ideco H-40 352 7,500 
Emsco 450 450 7,000 


Unit U-15 650 
Brwstr N-75 700 
Nati 110 

Unit U-15 500 


8,500 


18,500 


Emsco 6-B-500 700 
Unit U-15 600 


Emsco 1250 

Oilwell 96 1100 
Nati 110 1650 
Emsco J-1000 
Emsco 500 650 
Unit U-15 700 
Wisn Atlas 1200 


Unit U-34 
Ideco H-25 
Brwstr N-95 


MIW P-42 175 
MIW P-42 175 
Wilson 145 


Emsco T-250 
Brwstr N-4 
Frnks 6000 
Unit U-10 
Emsco 450 
Wisn Giant 


Brwstr N-4 
Brwstr N-35 


Unit U-15 
Ideco 

Nati 50 
Whind B-85 
Emsco GA-250 
Nati 80-B 
Ideco H-525 
Wisn Atlas 


Frnks Comet 
Beth 
Failing 1500 
Frnks 


Frnks Comet 
Frnks Comet 
Nat! T-20 
Nat! T-20 
Unit U-34 
Unit U-34 
Wisn Mogul 
Brwstr N-35 
Unit U-34 
Frnks 658 TRD 
Brwstr N-4 
Nat! T-12 
Ideco H-25 
Ideco H-35-S 
Mayhew 
Mayhew 
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Total HP 

All Main Drawworks 
Type Mud Make and 
Power Pumps Model 


2 
. 


Contractor's Name 


Pete Morris Drig Co 


|2z 
— 





250 
250 
225 
265 


Wisn Giant 
Unit U-34 
Brwstr N-4 
Brwstr N-45 
Crdwil D 
Unit U-34 
Brwstr N-4 
Nat! 

Unit U-34 


500 
300 


dsi-gas 
dsi-gas 
gas 

gas 
gas-gaso 
LPG 

ds! 

ds! 

LPG 


The Novak Drig Cc 


Reed Drig Co In 
Service Drig Co 
Service Drig Co 


300 
320 
320 
250 


Pawnee County 
Johnson-Bates Drig Co 
Summit Drig Corp 


245 Unit U-34 300 


Frnks SAL 5000 800 


Payne County 


Branyan Drig Co 
Delaney Drig Co 
Dudley & Heath Drig Co 


dsl 
gas-btne 
ds! 
ds! 
ds! 
ds! 
gas-btne 


Beth 

Unit U-34 
Crdwil S 
Brwstr N-4 320 
Nati T-16 265 
Emsco GA-250 311 
Unit U-34 165 


700 
225 
320 


Foster Drig Co 
Helmerich & Payne Inc 
Target Drig Corp 


Pontotoc County 


} G Cantrell Drig Co gaso Emsco T-160 


Pottawatomie County 


Dearing Inc 
Meico Drig Co 


Wilson 
Brwstr N-35 


gas-btne 
btne 


Pushmataha County 


Sikes-Burckhalter Wisn Atlas 


Seminole County 
Newton Barrett Drig Co 
Claybrook Drig Co Inc 
Kingery Drig Co Inc 
Poteet Wysor & Eckles Inc 
Reed Drig Co Inc 


Wisn Giant 
Beth 350 
Wilson 
Unit U-34 
Unit U-34 
Unit U-34 
Nati T-12 
Wilson 


ds! 
gas 
ds! 
gas-btne 
gas-gaso 
gas-gaso 
gas-prop 
gas-gaso 


Shenandoah Drig Corp 
Troup & Sutties Inc 
Stephens County 
Big Chief Drig Co JS&G Spad “Super” 
Ideco 1050 
Crdwil 
Nat! 50 
Oilwell 64-B 
Wisn Super 38 
Nati T-12 
Beth S-60 
Emsco GB-500 
Unit U-15 
Unit U-15 
Wisn Mogul 
Emsco GA-500 
Wisn Super 


gas 
gas 
ds! 
gas 
gas-gaso 
gas 
gas-btne 
gas 
gas 


l 
30 
Blackstock Bradley & Dietz inc 
Bryant-Hayward Drig Co 
Preston Carter Drig Cx 
Crowe Drig Co 
R A Davenport Drig Contr 
Exploration Drig Co 
Fain-Porter Drig Cx 
Gibson & Holliman 


500 
450 
175 
185 
480 
600 
900 
550 
400 
650 


Jackson Drig Co 
Lewis & Mucher Drig Corp 
Star Drig Co 


Texas County 


Cree Drig Co Inc 
Gabbert-Jones Drig Co 
Garvey Drig Co 


gas 


gas 


Emsco GA-500 
Emsco 350 
Unit U-15 
Unit U-15 
Nat! 50 

Unit U-15 
Unit U-15 


gas-btne 
gas 

dsi 

prop 
gas-btne 
ds! 

ds! 


Lynn Drig Co 
Midwestern Drillers inc 
Nye & Snell Drig Co 
Tillman County 


Falcon Seaboard Drig Co 
Jennings Drig Co 


Beth Twister 
Brwstr 


gas-btne 
btne-gas 
Tulsa County 


Dearing Inc 
Riceland Corp 


Woods County 


Chambless-Rosen Drig Co 1 gas 225 
Loffiand Bros Cx 146 gas 450 


PENNSYLVANIA 


Wichtex 
Failing 1500 


gas-bdtne 
gaso 


Crdwil 


Berks County 


C S Garber & Sons Inc gas-gaso 
gas-gaso 
gas-gaso 
gas-gaso 
gas-gaso 
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Total HP 
Avail- 

able to Depth with 
Drwwks 4)" Pipe 


Rated 


5,000 | 
5,000 
3,500 
5,000 
5,500 
4,500 
4,500 
4,000 
4,000 


4,500 
5,000 


9,000 
5,000 
5,500 
5,500 
5,000 
5,000 
5,000 


4,000 


4,000 
5,000 





10,000 


5,500 
5,000 


5,000 
5,000 
5,000 
4,000 
5,000 


6,500 
14,000 
4,000 
8,500 | 
7,500 | 
4,000 
3,500 
8,000 
8,000 
7,500 


5,500 


8,500 | 


2,500 


9,000 
7,000 
8,500 
8,500 
8,000 | 
7,500 


Rig 


Contractor's Name No 


Clearfield County 
Delta Gulf Drig Co 


Clinton County 
Delta Drig Co 


Elk County 
C J Simpson Drig Co l 


Westmoreland County 
Delta Drig Co 10 


Harding County 
Kerr-McGee Oi! Ind Inc 4 


Anderson County 
Harry Bass Drig Co 
Bilbo-Redding Drig Co Inc 
Gibson Drig Co 


Andrews County 
Arrow Drig Co 


Harry Bass Drig Co 
M J Delaney Co 
Delta Gulf Drig Co 
The Denver Co 
Donnell Drig Co 
Empire Drig Co 


Lioyd R French Co 
Frisbie & Yancey Drig Co 


Fryer & Hanson Drig Co 


Gardner Bros Drig Co Inc 
Great Western Drig Co 
Helmerich & Payne Inc 
Hissom Drig Co 


Keating Drig Co 
Kerr-McGee Oi! Ind Inc 
Carl B King Drig Co of Tex 


La Mance Drig Co 

Lee Drig Co 

Liano Drig Co 

Loffiand Bros Co 

Pete Lomax Drig Co inc 2 


Lowe Drig Co 


Makin Drig Co 

Marcum Drig Co 

B L McFarland Inc 
McQueen & Stout Drig Co 
Norwood Drig Co 

LH & SA Olson Drig Co 
Penrod Drig Co 


3 
l 
5 
6 
7 
8 
10 
l 
12 
9 


2 

l 

3 

Robinson Brothers Drig Co 2 

3 

Rowan Drig Co Inc 7 
Schoenteld-Hunter-Kitch Drig Co 

4 

Southeastern Drig Co l 

A W Thompson Inc ll 


Tullous Drig Co 


Total HP 

All Main Drawworks 
Mud Make and 
Pumps Model 


Total HP 

Avail Rated 
able to Depth with 
Drwwks 4%" Pipe 


Type 
Power 


gas-gaso 
gas-gaso 
gas-gaso 
gas-gaso 
ds! 
dsi 
ds! 
ds! 
dsi 


Reich 
Franks 
Franks 
Reich 
Ingersoll 4 


gas-btne Unit U-15 
Emsco GC-500 
Unit U-15 


dsi-gas 


dsi 
SOUTH DAKOTA 


560 Unit U-15 


125 
TEXAS 


eas Nati 75 


Emsco 
Wisn Giant 
Wisn Giant 


stm 
gas-LPG 


Emsco 1250 
Emsco 1000 
Wilson 
Emsco 

Beth 450 
Nati 100 
Nati T-20 
Beth MC-950 
Unit U-15 
Wisn Titan 
Nat! 50 
Brwstr N-? 
Wisn Titan 
Wisn Titan 
Oilwell 66 
Nati 50 


gas 
gas 
gas-btne 
gas-btne 
gas 
gas-btne 
gas 
gas 
gas-btne 
gas 
gas 
gas-btne 
gas-btne 
gas-btne 
gas-gaso 
gas 
gas 
gas 
gas-gaso 
gas 
gas-gaso 
gas-gaso 
btne 
gas-gaso 
gas 
gas 
gas 
gas 
gas 
gas 
gas 
gas 
gas 
gas -gaso 
gas-btne 
gas 
LPG 
gas-gaso 
gas 
gas-btne 
gas-btne 
gas 
gas 
gas-bine 
1 LPG-gas 
LPG-gas 
gas 
gas 
gas 
ds! 


Oilwell 76 
Emsco 500 
Unit U-34 


Wisn Giant 
Nati 100 
Nati 75 
Oilwell 64 
Nat! 100 
Nati 75 


Beth 450 
Beth 450 
Unit U-15 
Nati 75 
Unit U-15 
Wilson 
Nat! 80 
Wisn Giant 
Unit 15 
Brwstr N-55 
Crdwit RIL 


Nat! 50 


Brwstr N-75 
Brwstr N-55 
Nat! 100 
Beth 650 
Nati 75 
Onlwell 96 
Beth 450 
Emsco 350 
Emsco 250 
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this (ll) CARDWELL 


* P.T.0. Driven 
** Trailer Mounted 
** Truck Mounted 


What do YOU need in a servicing hoist ... 
fast operating speeds...minimum weight 
without sacrificing strength... greatest 
versatility in mounting... rugged, yet 


precision construction? 


Then, this Model K-200 Series fits your 
every requirement. These 7,000 to 9,000- 
foot single or double drum hoists are the 
result of 30 years’ experience building 
servicing equipment that best meets the 


industry’s specifications. 


Write for complete information and prices 
on a hoist to fit your needs, or see your 


nearest Cardwell representative. 


Here are the Cardwell design features that 
mean TJop Performance: convenient air controis, 
air-friction-clutch driven throughout, includ- 
ing drum drives, and water-cooled braking 
system. Optional equipment: rotary drive 
assembly, and single or double leg masts or 


tubular stee! masts. 





CARDWELL > 











Power take-off K-201 holds axle 


loads to a minimum. 


K-200 with 89-foot, 150,000 
ib. capacity “Trailermast”". 


Easy to transport and rig-up. 





Truck-mounted K-200 is 
availabie with engines up to 
230 H.P. to give maximum 
power and operating speeds. 


CARDWELL MANUFACTURING COMPANY *« Box 2001, Wichita, Kansas, U.S.A, 





Total HP Total HP Total HP Total HP 
All Main Drawworks Avail- Rated All Main Drawworks Avail Rated 
Rig Type Mud Make and ableto Depth with Type Mud Make and ableto Depth wit" 
Contractor's Name No. Power Pumps Model Drwwks 4%" Pipe Contractor's Name . Power Pumps Model Drwwks 4%" Pipe 








Angelina County Callahan County 
Jerry Alex McCutchin DrigCo 8 gas 600 10,000 | Hack Drig Co Crdwil S 161 4,500 


Moore & Moore Drig Co 185 5,500 
Aransas unty . 
Co Norman Oil Corp Unit-U-10 350 5,000 


Brewster -Bartie Drig Co Inc ds! Otlwell 96 16,000 | Sojourner Drig Corp Unit U-34 4,500 
C G Glasscock Drig Co ds! Nati 75 12,000 Nati T-8-S 3,250 
Hunt Drig Co Inc gas Brwstr N-7 9,500 


Archer County 
Hull Oil Co btne Wikr-Ne R-2 2,000 
R-G Drig Co gas-gaso Wisn 8,000 | Carson County 
Sheets & Walton Drig Co bine Brwstr "-4 4,500 Cree Drig Co inc gas-btne Unit U-34 5,000 


Atascosa County Keating Drig Co gas-gaso 5.000 

Buzzini Drig Co 7 gas-btne Wisn Atias 11,000 | Carter County 

Martin&Holmes OilWell Serv Co 1 dsi-gas-gaso Crdwil 7,000 Berry Drig Co ds! Wisn Giant 

Saas om ba ag - a Cass County 
? 


Cameron County 
Allen & Morris } Nati 75 10,000/5" 


Security Drig Co ds! deco Rambier 6,000 | Butler-Johnson Inc gas-btne 
Travis Drillers Inc gas-gaso 3,500 | Delta Drig Co gas-btne Unit U-15 


Mustang Drig Corp ds! 
Baylor County quan 
AD McDuffie btne Big Four 2,500 
W B Omohundro btne Wisn Roadair 5,500 | Chambers County 
R Benton Ross Inc ds! Wilson ‘ C G Glasscock Drig Co ds! Nati 50 


Bee Coun Harrell Drig Co gas Nati 75 
ty Houston Oil Well Serv Co dsl Wisn Titan 


Rhodes & Hicks Drig Corp gas-btne )  Frnks 137 : Liberty Drig Corp aete Saeco 00-000 
Sen ew one ao Unit U-15 ° Carnes W Weaver Drig Co gas-btne Ideco 
Southland Drig Co ds! Brwstr N-? 

Bexar County Cherokee County 

Pegg Bros Drig Co Gibson Drig Co Wisn Giant 
Borden County Chico County 

Unit U-15 500 | Walters Orig Co Inc Mayhew 1000 
Brwstr N-7 000 | Clay County 

Greve 8-75 ’ | £ W Moran Drig Co Unit U-15 


Unit U-15 , Norwood Drig Co 
Nati 75 


Wisn Giant Cochran County 
Emsco GA-500 Coroco Drig Co gas-gaso Beth 650 
Nati 75 BL McFarland Inc gas Nat! 100 


> Coke County 


Crdwil 0 , Davidson Drig Co Inc Wisn Giant 
Emsco 500 , Johnson-Gadbois Drig Co Nati T-20 
Wes-Tex Drig Co Brwstr N-4 





s 


Cactus Drig Corp of Tex gas-bine 
gas-btne 
gas-btne 

Curtis & Lomax Drig Co gas-b‘ne 
gas-btne 

Edgar Davis Drig Co gas-btne 

Hewgley Drig Co dsl 

Carl B King Drig Co of Tex gas-gaso 

Marcum Drig Co gas-btne 

Norwood Drig Co ga3-gaso 

Western Drig Co inc ds! 
ds! 


2,88) 82888 


w 
~ 
ow 


Bosque County 
Taylor Exp! Co Inc gaso Mayhew Coleman County 
Burger Drig Co Wisn Super 
6: Camden Drig Co Nati T-20 
gre-Bine Unit U-15 : Hensen Drig Co Crdwil S 
gre-tine . | Johnson-Gadbois Drig Co Frnks 4000 
om BIW 12 Low Drig Co Emsco 
— — pg Maxwell Drig Co Brwstr N-4 
ges Beth M-58 Taylor Exp! Co Inc Mayhew 
gas-btne Nati 75 | Colorado County 
gas-btne Natt 100 Bilbo-Redding Drig Co Inc stm 1050 Emsco UBLS 54 
stm gas-LPG 1600 Nati 110 
Mangum Drig Co Gas-gaso 50 5 Buzzini Drig Co gas-btne 1050 Wisn Giant 
P LD Well Serv Co gas Beth M-810 Henderson Drig Cory gas-btne 700 Nati 75 
Symons Drig Co gas Unit U-15 ; Meredith & Co gas-gaso-btne Oilwell 96 
Carnes W Weaver Drig Co gas-btne Brwstr N-? | Rowan Drig Co Inc gas-btne 900 Nati 75 
Brewster County Cooke County 
Makin Drig Co gas- gas 1S Wisn Ti Alan Drig Co gas 350 Wisn Mogul 
Brooks County Brown & Martin Drig C: btne 230 Wisn Giant 
btne 150 Wilson 
Felderhoff Bros Drig Cc ds! 260 Wisn Mogu! 
G & T Drig Co ds! 250 Wilson 
Roy Guffey Drig Cc gas-btne 430 = Unit U-34 


Brazoria County 
Harry T Bryant Drig Co Ltd 


Grey Wolf Drig Co 
Holmes Drig Co 


Hunt Drig Co Inc 
Liberty Drig Corp 


Suweunann~ 


Loffiand Bros Cc 


nn = 


> 


Conroe Drig Co gas-gaso 
Fitzpatrick Drig Co gas 800 «= Unit U-40 
Wiley W Singleton Drig Co Inc gas-btne Unit U-15 
Weill Drillers tnc gas-gaso-bine 1140 Nati 75 
Caldwell County Crane County 
Bay City Drig Co Inc 2 gas-btne Unit U-34 Russell & Russell Drig&Prod Co 1 gas-gaso-btne 275 Wisn Giant 
Pegg Bros Drig Co 2 gas-gaso Continental Drig Co Ltd 3 350 «=6Beth M-58 
Travis Drillers Inc 2 gas-gasc Davidson Drig Co Inc B bine 630 Wisn Titan 
M J Delaney Co 30 gas-btne 500 Beth 1013 
Calhoun County Delta Gulf Drig Co 6 gas-btne 800 Emsco J-750 
C G Glasscock Drig Co ds! Nati 75-CB Durham Drig Co In 2 gas 500 Unit U-15 
ds! Nat! 80-8 14,000 Eastiand Oi! Co 4 gas 
ds! Nati 75 12,000 | Lloyd R French Co 2 gas-bine Unit U-15 
Field Drig Co ds! Nat! 50-A $20 8,500 | Gardner Bros Drig Co in 2 gas-btne } Nat! 100 
Layton Drown Drig Cc 800 10,000 Great Western Drig Co 1 dsi 
2 gas Nati 100 
4 gas Unit U-34 


stm 1050 10,000 | Helmerich & Payne Inc 
Neal Drig Co gas ? Emsco G-500 560 9,500 Hissom Drig Co 
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Rig 
Contractor's Name 


Type 
Power 


Total 


Mud 
Pumps 


HP 


Total HP 

All Main Drawworks Avail- 

Make and ableto Depth with 
Model Drwwks 4° Pipe 


Rated 


Rig Tyne 


= 
° 


Contractor's Name 





Johan Drig Co 


Keating Drig Co 
La Mance Drig Co 
Laughlin-Porter Drig Co Inc 


Lee Drig Co 
Loffiand Bros Co 
Marcum Drig Co 


McDaniel & Beecher! Drig Co 
B L McFarland Inc 


-—= La) 
woSeaSBSuwnwenawen 


RS 


McQueen & Stout Drig Co 
L #4 & SA Olson Drig Co 
O'Neal Drig Co 

Rowan Drig Co Inc 

Roy H Smith Drig Co 
Velma Petroleum Corp 
Crockett County 
Bolin Oil Co & D H Bolin 
C B Drig Co 

D-K Drig Co 

Hewgley Drig Cc 


lad 
nh w 


nm 


Cari B King Drig Co of Tex 
Tri-Service Drig Co 
Dawson County 
Harry Bass Drig Co 


Brantly Drig Co Inc 
Frisbie & Yancey Drig Cc 
Fryer & Hanson Drig Co 
Keating Drig Co 

Carl B King Drig of Tex 
Southeastern Drig Co 
De Witt County 
Alien & Morris 

Blanton Drig Co 

Harkins & Co 
Dickens County 
Livermore Drig Co 
Dimmit County 
Sutton Drig Co 


Duval County 

Field Drig Co 4 
General Well Drig inc 3 
A W Gregg Drig Co 3 
J) &C Drig Co . 
Kirkwood & Morgan In 8 
Longhorn Drig Corp 5 
The Oi! Corp 4 
Joe A Payne Drig Co 1 
Richardson & Stewart Drig Co 3 
Eastiand County 

trish Drig Co Inc 


Ector County 
Beckman Inc i(wo) 
2(wo) 
11(wo) 
Brantly Drig Co inc 5 
Sam E Crump Drig Cc 2 
Curtis & Lomax Drig Cx 1 
Davidson Drig Co in A 

c 


Delta Gulf Drig C 
17 
M J Delaney Cx 19 
Donnell Drig Cc 6 
10 
Eastland Oi! Cc 1 
2 
Exploration Drig Cc 7 
4 
Gardner Bros Drig Co inc 16 
Helmerich & Payne Inc 25 
39 


gas 
gas 


gas 
gas 
gas-gaso 
gas-gaso 
gas 

gas 
gas-btne 
gas-gaso 
gas 

gas 

LPG 

gas 
gas-gaso 
gas-btne 
gas 

gas 


gas 
gas 
ds! 


gas 
gas 
gas 
gas 
gas-btne 
gas gaso 
gas-gaso 
ds! 


stm 
gas-LPG 
ds! 


gas 


ds! 
gas-btne 
gas 
gas-btne 
dsi 
gas-btne 
gas-btne 
gas 


gas 
gas 

gas 

gas 

gas 
gas-btne 
gas-btne 
btne 
gas-btne 
gas-btne 
gas-btne 
gas-btne 
gas-btne 
gas 

gas 

gas 

gas 
gas-btne 
gas 

gas 


375 
375 


185 - 


550 
800 


700 
700 


740 


Unit U-15 
Unit U-15 
Brwstr N-4 


Unit U-15 
Nati 50 
Nati T-20 
Nati 50 
Nati 50 


Brwstr 55-W 
Oilwell 66 
Brwstr N-75 
Nati 50 
Crdwil RL 
Nati 75 
Emsco GB-500 
Nati 50 

Ideco H-35-D 
Nati 50 


Wisn Super 


Nati 50 
Emsco J-750 
Emsco GB-500 
Nati 75 

Nat! T-20 


Emsco 
Emsco 


Unit U-i5 
Oilwell 76 


Nati 100 
Oilwell 96 


Emsco H-46 
Crdwil 0 
Unit U-15 


Wisn Atlas 


Beth Breeze 
Beth 

Unit U-34 
Beth 650 
Brwstr N-4 
Unit U-15 
Unit U-15 
Emsco 6-500 
Emsco GB-500 


Wichtex R-3 
Wichtex R-5 


Unit U-10 
Beth S-50 
Unit U-34 


Unit U-15 
Unit U-15 
Emsco J-1250 
Emsco GC-500 
Nat! 50 

Nat! 50-A 
Emsco J-1250 
Beth MC-450 
Beth M-58 


Nati 80-6 
Nat! 75-CA 
Nat! 125 
Ovlwell 96 
Orlwell 96 


400 
600 
300 
650 


7,500 


8,500 
5,500 
8,500 
7,500 
7,000 
5,000 
8,000 
8,000 
14,000 
9,000 
6,000 
10,000 
12,000 
7,000 
4,500 


10,000 | 


7,000 


7,500 | 


9,000 


3,500 
9,000 
6,500 
9,000 


5,800 


9,000 


9,000 
9,000 


8,500 








ds! 
gas-gaso 
gas-gaso 
ds! 

gas 

gas 


Hewgley Drig Co 
Carl B King Drig Co of Tex 


Laughtin- Porter Drig Co Inc 


Loffiand Bros Co 

gas 

gas 

gas 

gas-gaso 

btne-gas 

LPG 

gas 

gas 

gas-bine 

gas-btne 
29 gas-btne 
31 gas-dine 

Schoenfeid-Hunter-Kitch Drig Co? LPC-gas 

A W Thompson Inc 1 gas 

Goal Tullous & Co 2 gas 


Fayette County 
Sutton Drig Co 


Fisher County 
Frisbie & Yancey Drig Co 
General Geophysical Co 
Roy Guffey Drig Co 

Hack Drig Co 

Henson Drig Co 

Lamar H Moore Drig Co 
Oxford & Stasney Drig Co 
Ray Smith Drig Co 
Sojourner Drig Corp 
Rheay & Reynolds Drig Co 


Fort Bend County 
Blanton Drig Co 


Pete Lomax Drig Co in 


oS — 
wee SSaeauwnnwe 


Makin Drig Co 

McAlester Fuel Co 
McQueen & Stout Drig Co 
Rheay & Reynolds Drig Co 


— 
ow = 


Rowan Drig Co inc 


> 


ds! 


gas 
btne 
gas-btne 
btne 
btne 
gas-gasc 
dsi 

btne 

ds! 

gas 


Franklin County 
Big Chief Drig Co 

W B Hinton 

Freestone County 
Smith & Breyer 

Frio County 


J E Hillier 
Milan Drig Co 
Sutton Drig Co 


Gaines County 
Alvon Drig & Expi Co 
Brantly Drig Co Inc 
Cactus Drig Corp of Tex 


M J Delaney Co 
Exploration Drig Co 
Great Western Drig Cx 


0 E Hall Drig Co 
Helmerich & Payne in 
King-Phithips Inc 


gas 

gas 

gas 

ds! 

gas 

ds! 

gas 
ga3-gaso 
ds! 
gas-gasc 
gas 
gas-bine 
gas 

gas 

gas 

ds! 

gas 
gas-gasc 
gas-gaso 
gas-btne 
gas 

gas 

btne 


Kerr-MeGee Oil Ind in 
Lumac Drig Co 

M& jinc 

Makin Drig Co 
Milestone Drig Co 
Norwood Drig Co 
Rhodes Drig Co 

Rowan Drig Co tn 
Russan Drig Co 

Sabine Drig Co 

Sharp Drig Co 
Southeastern Drig Cc 

A W Thompson Inc 
Thompson Exp! Drig Cc 


Trans-Tex Drig Co 
Goal Tullous & Co 
Veima Petroleum Cory 


Power 


Total HP 
All Main Drawworks Avail- 

Mud 
Pumps 


1000 
1000 
1080 
1000 


1000 
600 
650 
350 
650 


450 


430 


Total HP 

Rated 

Make and ableto Depth with 
Model Drwwks 4%" Pipe 


Emsco GA-500 650 
Nat! 100 1000 
Nati 75 1000 
Nati 23-9FEB 

Wisn Titan 


Nati 50 

Beth Twister 
Wisn Titan 
Emsco J-1250 
Crdwll RL 


Nati 50 

Nati 100 
Nati 100 
Nati 75 

Nati 110 
Beth 650 
Emsco }-750 


Unit U-15 


Unit U-34 
Unit U-15 
Unit U-15 


Wisn Giant 
Nat! 50 
Unit U-15 


Unit U-9 


Emsco 1000 
Biw-1) 


Cooper 


Ideco H-40 
Emsco 6-500 


Nati 50-A 


Nat! 80-B 
Brwstr N55 
Nati T-38 
Unit U-15 


Unit U-40 
Oilwell 96 
Natt 50 
Ideco 4-400 
Nati 75 
Crdwit R 
Unit U-34 
Wisn Titan 
Ideco 4-525 


Unit U-15 
Nati 100 
Brwstr 4-55 
ideco PR-1000 
Beth MC-450 
Oilwell 96 
Beth 10-13 


Unit U-20 
Emsco 3-750 
Emsco GA-500 
Crdwil L 


Western Drig Co inc 
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Total HP Total HP 
All Main Drawworks Avail- Rated 
Mud Makeand ableto Depth with 
Model Drwwks 4%” Pipe 


Total HP 

All Main Drawworks 
Type Mud Make and 
Power Pumps Model 


Total HP 
Avaii- Rated 
able to Depth with 


Contractor's Name Drwwks 4%" Pipe 





Galveston County 
Blanton Drig Co 

Edwards & Bissett 

PLD Well Serv Co 

Penrod Drig Co 


Garza County 
Calico Drig Co 

Graham Drig Co 
Goliad County 
Harkins & Co 


Mangum Drig Co 
Miller Bros & Bowling 
Gray County 
Cree Drig Co Inc 
Murphy & McKernan 
Schafer Drig Co 


Grayson County 


Alan Drig Co 
Bolin Oi! Co & D H Bolin 
M J Delaney Co 


Falcon Seaboard Drig Co 
Gibson & Holliman 


Roy Guffey Drig Co 
Howell Holloway & Howell 


Johan Grig Co 
Loffland Bros Co 


Marcum Drig Co 
Gene McCutchin 
Nichols-Duncan Drig Co 


Penrod Drig Co 
Schafer Drig Co 
Tibbits & Moore Drig Co 


Gregg County 
Gibson Drig Co 
Hansford County 


Arrow Drig Co 

Baker & Taylor Drig Co 
Cree Drig Co Inc 

Falcon Seaboard Drig Co 


Rowan Drig Co Inc 
Hardin County 
Clegg & Hunt 


Harris County 
Bass Drig Co 


Blanton Drig Co 


Harry T Bryant Drig Co Ltd 
Harrell Drig Co 


Henderson Drig Corp 
Don Hill Well Serv Inc 


Holmes Drig Co 
Housh Orig Co 


Houston Oil Well Serv Co 


B-52 


ree noeunenwe woOornmwn = 





gas-gaso 
gas-gaso 
stm 

gas-btne 


gas-btne 
ds! 

ga8-gaso 
gas-gaso 


gas 
gas 
stm 
gas btne 
gas-btne 
gas -btne 
gas 
gas 
ds! 
gas 


, gas-btne 


ds! 
ds! 
ds! 
gas 
gas 
gas 
gas-btne 
gas 
gas-btne 
gas-btne 
gas-btne 
gas-btne 
gas-gaso 
gas 
gas 


gas 
ds! 

gas-btne 
gas-btne 
gas-btne 
gas-btne 


ds! 


gas -gaso-btne 675 
gas-gaso-btne 675 
gas-gaso-btne 225 
stm 1000+ 
gas-LPG 700 
ds! 650 
gas-btne 700 
stm 900+ 
gas 700 
gas-btne 450 
gas-btne-gaso 350 
gas-gaso 
stm 

stm 

stm 

stm 
gas-btne 
stm 


600+ 
600+ 
600+ 
600+ 


1000+ 


300 
800 
380 
1230 
1464 
600 
730 


Orlwell 64-A 
Brwstr N-75 
Crdwil Trir 


250 
200 


Emsco GB-250 
Wilson 


675 

700 
1000+ 
Emsco G-300 


Unit U-15 
Wisn Giant 


Emsco 250 
Unit U-15 
Unit U-15 
Ideco H-35 


300 
375 
600 
200 


Wisn Giant 850 
Wisn Mogul 
Emsco 34-26 
Wisn Titan 
Beth 450 
Beth 650 
Unit U-15 
Unit U-15 
Emsco GB-800 
Wisn Atlas 
Unit U-15. 
Ideco 

Unit U-15 
Ideco H-30 
Brwstr N-95 


600 


600 
500 
1000 
950 
520 


1300 
1300 
960 
Brwstr N-95 1525 
Nati! 50 

Nati 55 

Wisn Giant 
Wisn Titan 


700 
450 
1050 
1170 


Ideco H-35 300 


Wisn Mogul 42 


Emsco 350 
Unit U-15 
Unit U-15 
Unit U-15 
Unit U-15 
Beth 450 


Nati 75 


Unit U-15 
Unit U-15 
Unit U-34 
ideco Jr Gnt 
Wisn Gat 
Beth M-58 
Tiw5 

ideco Jr Gat 
Unit U-15 
Unit U-15 
Brwstr N-2 
Beth MC-450 
Emsco UBLS 
Emsco UBLS 
Emsco UBLS 600+ 
Emsco UBLS 600+ 
Ideco M-10,000 855 
Nat! 1000+ 


1900+ 
350 
300 
600 
1000+ 
700 
600 
145 
1000 
600+ 
600+ 


7,000 | 
10,000 | 
6,500 
10,000 
14,000 
10,000 
9,000 


5,000 
4,500 


9,000 
9,000 
16,000 
5,500 


4,500 
7,500 
10,000 
5,000 


9,000 
4,000 
10,000 
9,500 
11,000 
16,000 
7,500 
7,500 
11,000 
10,000 
7,500 
6,000 
9,500 
7,000 


15,000 


8,000 


7,500 


7,500 
6,500 
7,500 


5,000 





7,000 
8,000 
8,500 
8,500 
8,500 | 
9,000 


11,000 | 


——=— 





Kirby-Southworth Drig Co 
Liberty Drig Corp 

Mac Drig Co 

Meadows & Walker Drig Co 
Miller Bros & Bowling 
Haynes B Ownby Drig Co 
Prince Drig Co 

Southland Drig Co 

Triton Drig Co Inc 

Carnes W Weaver Drig Co 


Harrison County 
Butler-Johnson Inc 
Delta Drig Co 

W B Hinton 

Tex-Mex Drig Co 


JC Trahan 


Hartley County 
Kerr-McGee Oil Ind Inc 
Haskell County 
Ace Drig Co 

Drillers inc 

J 0 Fox & Sons 

O E Hall Drig Co 

W B Omohundro 

Paine Drig Co 

Robinson Drig Co 
Wes-Tex Drig Co 
Henderson County 
Haynes B Ownby 
Hidalgo County 
Clark Fuel Prod Co 

Del Mar Orig Co 

Faico Drig Co 

Field Drig Co 
Fitzpatrick Drig Co 


Longhorn Drig Co 
Rock Hill Drig Co 
Southland Drig Co 
Well Drillers Inc 


Hockley County 
Great Western Drig Co 


Hewgley Drig Co 

Houston County 
Henderson Drig Corp 
Thompson Exp! Drig Co 
Howard County 

Carl B King Drig Co of Tex 
Schoenfeld-Hunter-Kitch Drig 
C D Turner Drig Co 


Hutchinson County 
Cree Drig Co Inc 


Drig & Exp! Co of Dei inc 


Kerr-McGee Oil Ind Inc 
J R McGill 

Schafer Drig Co 
Service Drig Co 


Irion County 
Brannon & Murray Drig Co 
Camden Drig Co 

Delaware Drillers Inc 
Fortune Drig Corp 

Henson Drig Co 

Tucker Drig Co 

Jack County 
Harvey Drig Co 
Leatherwood Drig Co 
Wright Clark & Senkel Inc 


gas-ds! 
gas-btne 
gas-gaso-btne 
gas-btne 
gas-btne 
gas-btne 
stm 
gas-btne 
gas 
gas-btne 
gas-btne 


gas-btne 
gas-btne 
ds! 

stm 

gas 

gas 

gas 


gas 

ds! 

gas 

gas 

btne 

ds! 
btne-gas 
btne 


c 
of 


7 


wow ~ we 


ds! 


dsl 

stm 

gas 

ds! 

stm 

gas 
gas-btne 
ds! 
gas-btne 
stm 

stm 


enwnonrKNN ew 


gas-gaso 
gas-gaso 
ds! 


gas-btne 
gas-gaso 


4 gas-gaso 
9 LPG-gas 
1 ds! 
2 btne 


gas-btne 
gas-btne 
24 = gas-gaso 
25 gas-gaso 
M dsl 
gas-gaso 
gas-gaso 
ds! 
LPG 


gas-LPG 


5 gas 
18 gas-bine 


300 
675 
275 
875 
850 


1400 
700 
650 
700 
465 


350 
370 


Crdwil TR-67 
Unit U-15 
Beth S-45 
Ortwell 64 
Emsco GC-500 
Unit 900 
BIW 12 

Unit U-15 
Unit U-15 
Oilwell 

Unit U-34 


280 


450 
600 


1200+ 
700 
650 


Unit U-15 
Unit U-15 


Emsco GB-500 
Unit U-15 
Unit U-15 


Unit U-15 


Emsco G-500 
Unit U-15 
Unit U-15 
Unit U-15 
Wisn Atlas 
Wisn Giant 
Crdwil EC 
Nati 50 


Wilson 


Wisn Gat 
BIW 12 
Wisn Giant 
Unit U-15 
Ideco 
Beth 650 
Oilwell 76 
Nati 50-A 
Crdwil 0 
BIW 12 
BIW 12 


Emsco J-750 


Nati B-80 


Nati 75 
Nat! 75 
Brwstr N-4 
Wisn Mogu! 


Unit U-10 
Wisn Giant 
Franks 

Wenr Morhse 
Frnks LT 
Emsco 

Unit U-34 
Unit U-34 
Unit U-34 


Emsco GA-350 
Nati T-32 
Crdwil 0 

Beth S-55C 
Unit U-15 
Brwstr N-55 


Wisn Mogul 400 


Wisn Roadair 


450 Wisn Gat Rdmstr 450 


6,500 
9,000 
5,000 
8,500 
9,000 
9,500 
13,000 
9,000 
10,000/4”" 
10,500 
5,000 
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Total HP Total HP Total HP Total HP 
All Main Drawworks Avail- All Main Drawworks Avail Rated 


Rated 


Contractor's Name 


Jackson County 
Appling Drig Co Inc 

Falco Drig Co 

Holmes Drig Co 

Hunt Drig Co Inc 

Penrod Drig Co 
Southtand Drig Co 
Jasper County 

C B Webster Drig Co 
Jefferson County 


Brewster -Bartle Drig Co Inc 
Clegg & Hunt 


Edwards & Bissett 
Housh Drig Co 


Hunt Drig Co Inc 

Loffiand Bros Co 

Meredith & Co 

Jefferson (offshore) 
C G Glasscock Drig Co ll 
Jim Wells County 


JC Drig Co 
Stice Drig Co 


Jones County 

Ace Drig Co 

Johnson-Gadbois Drig Co 

Lamar H Moore Drig Co 

Rhodes Drig Co 

Robinson Drig Co 

Kent County 

C B Drig Co 

Lee Drig Co 

Warner & Luttrell Drig Co 
Kerrville County 

Walters Drig Co_inc 14 
Kleberg County 

Del Mar Drig Co 4 


Type 
Power 


stm 

stm 

stm 
btne-gas 
btne-gas 
gas-btne 
stm 

stm 

gas 

stm 
gas-gaso-btne 


County 


ds! 


gas-btne 
btne-gas 


gas 
gas 
gas-gaso 
gas 
btne-gas 


gas-gaso 
gas-gaso 
ds! 


stm 


Kleberg (offshore) County 


Kerr-McGee Oi! Ind Inc 16 


Knox County 
Ace Drig Co 

Loggie Bros 

Lamb County 
Livermore Drig Co 
Western Drig Co Inc 
LaSalle County 
J & C Drig Co 


Lavaca County 
Meadows & Walker Drig Co 


Leon County 
B G Byars Power Drig Co 


Liberty County 
Chessher Sutton & Davis Drig 


Edwards & Bissett 

Jack W Frazier 

Hamman Oil & Ref Co 
Holmes Drig Co 

Housh Drig Co 

Mac Drig Co 

Meadows & Walker Drig Co 
Lipscomb County 
Baker & Taylor Drig Co 


Reading & Bates Inc 
Live Oak County 


Buzzini Drig Co 
General Well Drig Inc 


ds! 


gas-btne 


gas-btne 
gas-btne 
gas-btne 
ds! 

dsi 
gas-gaso 
stm 
gas-btne 
gas-btne 


gas-btne 
gas-btne 
gas-btne 


gas-btne 
ds! 


Mud 


Pumps 


800 
900+ 
900+ 
525 


2000 


450 
496 


750 
440 


240 


650 


500 


1145 


850 
1100 
400 


340 


800 + 
1000 
900 


1800 
1200 
450 


900 
450 


Make and § ableto Depth with 


Model 


Brwstr N-45 
Beth MC-450 
Emsco GB-250 


Emsco GA-350 


ideco H-7-11 


Nati 8% FE 
Emsco 10 
Emsco H-54 
Nati 50-A 
Nat! 50-A 
Wisn Giant 
Nat! 

Nat! 

Emsco GB-350 


Emsco G-500 


Nati 130 


Nati 50 
Unit U-15 


Nat! 50-A 
Wisn Gat 


Emsco 350 
Crdwil S 


Nati 50 
Unit U-15 


Mayhew 1000 


BIW il 


Nati 100 


Emsco 6-500 
Wikr-Nr R-2 


Wisn Gnt 
Frnks .-5000 


Wisn Titan 


BIW 12 


Emsco GA-500 


Oilwell 76 
Oilwell 76 
Ideco H-40 
Ideco 
Brwstr N-75 
Beth ML-450 
Emsco UBLS 
Wisn Titan 
Unit U-15 


Nat! 110 
Nati 55 
Nat! 75 


Wisn Gat 
Crdwil 
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Drwwks 4%” Pipe 


Contractor's Name 


Gilmour Drig Co 
Kirkwood & Morgan Inc 
Longhorn Drig Corp 
Yarborough Drig Co 


Lubbock County 
Brantly Drig Co inc 
Thompson Exp! Drig Co 


9,000 
6,500 
10,000 | 
7,000 
11,000 | 
8,500 


12,000 
Western Drig Co Inc 


Lynn County 

Great Western Drig Co 
Carl B King Drig Co of Tex 
Marion County 
Carter-jJones Drig Co 
Milton Crow Inc 

Woolf & Magee Inc 
Martin County 
Southeastern Drig Co 


Matagorda County 
Bay City Drig Co inc 
Bilbo-Redding Drig Co inc 
Bianton Drig Co 

Hamman Oil & Ref Co 


Maverick County 
Bay City Drig Co Inc 
Sutton Drig Co 
McMullen County 
Allen & Mor-is 


Richardson & Stewart Drig Co 


Medina County 
Independent Drig Co 


Midland County 


Delta Gulf Drig Co 
Dixityn Drig Corp 


Empire Drig Co 

Exploration Drig Co 

Fryer & Hansom Drig Co 
Great Western Drig Co 
Laughlin-Porter Drig Co Inc 
Liano Drig Co 


M & 5 inc 
A W Thompson inc 
Zephyr Drig Corp 


Montague County 
Bolin Oil Co & D H Bolin 
Dei Mar Drig Co 

E W Moran Drig Co 


W B Omohundro 

Paine Drig Co 
Montgomery County 
Bilbo-Redding Drig Co Inc 
Brewster -Bartie Drig Co inc 
Moore County 


ase Hills & Hills Drig 


Navarro County 
Smith & Breyer 


15,000 
10,500 
8,000 

Stroube Drig Co 


ow~o || Newton County 
6,500 Chessher Sutton & Davis Drig 


Type Mud 
Power Pumps 


gas 500 
dsi-gas 550 
stm 

gas 290 


gas 
ds! 


ds! 
ds! 


btne 


gas-gaso 
gas-gaso 


gas-btne 
gas 
gas-btne 


ds! 


gas-bine 
dsi 

stm 

stm 

ds! 


gas-btne 
gas 
gas 
gas 
gas 


gas-btne 


btne- ds! 
gas 
btne 


gas-btne 


Make and ableto Depth with 
Model Drwwks 44° Pipe 


Wisn Gat 300 
Brwstr N 4 400 
Emsco ¥ 40 

Crdwil 200 


a 


Emsco 500 
Ideco M-10,000 
Nati 100 


Nati 100 


Brwstr N-7 
Beth Breeze 


Oilwell 96 


Ovlwell 66 
Whind 65 
Nati 9 OMB 
ideco Jr Got 
Brwstr N-4 


Otlwell 52-7 


BIW li 
Emsco UBLS 
Nati 80 
ideco 7-11 


Fasting 1500 


Nati 100 
Nat! 100 
Nat! 100 
Nati 80 
Brwstr N-75 
Nati 125 
Unit 15 


ideco 1350 
Nati 100 
Orlwell 96 
Nat! 100 
Crdwil RL 
Beth 58 

Beth 950 
Beth Tornado 
Beth 950 


20,000/3% ° 
15,000 /4° 
20,000 /3% * 


Wisn Gat 
Wisn Giant 
Wisn Giant 
Wisn Giant 
Wisn Roadair 
Wisn Giant 


Emsco ECC 
Otlwell 76 


Emsco GB-350 


Spencer 
Wisn 
Mayhew 


Unit U-15 








= 


\ Baker 
\ Model “H-25” 
| HINGE-LOK 
| Casing 
Centralizer 


Product 
NO. 9113 


Baker Model 
“G" Casing 
Centralizer 
Product 

No. 910-G 


Baker Model ‘'C’’ 
HINGE-LOK Wall Scratcher 
Product No. 900-C 
25-Range 


Baker Model “C” 


SOLID RING Wall Scratcher 
Product No. 901-C 
25-Range 








For successful “first-time” cementing use the com- 
bination of BAKER CASING CENTRALIZERS 
to ensure ample clearance for placing a uniform 
body of cement around the casing—and BAKER 


in hydraulic presses, you have this Centering Force 
at the cementing point, regardless of depth or of 
“dog legs” in the hole. 


YOU SCRATCH ONLY THE 


WALL SCRATCHERS to scratch away the mud 
cake so that the cement will bond better with the 
exposed formation. 


SECTIONS TO BE CEMENTED 
Baker Wall Scratchers perform a “controlled” 
scratching job, because the wires remain close 
against the casing while running in the hole, and 
do not damage the vital filter cake built up on 
sections through which the scratchers pass. Only 
when the “wall scratching” operation is started, 
do the overlapping wires (positioned in a double 
shell) really go to work scratching away the mud 
sheath and exposing the formation for far better 
bonding of the cement. 


YOU MUST HAVE “EFFECTIVE 
CENTERING FORCE" 


Baker Casing Centralizers have that balanced 
combination of proper spring length and proper 
bowed height (“reach”) to provide Effective Cen- 
tering Force throughout the area to be cemented. 
And, because each spring is pre-tested and pre-set 


OUTS TARIDING 
COMBINATION 


FOR BETTER PRIMARY CEMENTING 


Baker Wall Scratchers also meet your specific needs because they are 
available with either 41-inch long scratcher wires, or with 24-inch 
long wires. You can also select either the HINGE-LOK Type which is 
hinged for easy mounting, or the SOLID RING Type which is slipped 
over the casing. 

Contact the Baker representative in your area and get complete details 
about these Baker aids to better cementing. He has first-hand field knowl- 
edge that will prove valuable to you. 


WALL SCRATCHERS 


BAKER 


CASING CENTRALIZERS 


You can choose Baker Casing Centralizers exactly suited to each 
cementing job because they are available with various bowed heights 
of the springs to meet different casing programs—and there is the Baker 
Model “H” HINGE-LOK Type which is hinged for easy mounting, or 
Baker Model “G” SOLID Type which is merely slipped over the casing. 








BAKER OIL TOOLS, INC.., Houston:Los Angeles: New York 








Rig 
Contractor's Name No 


Type 
Power 


Nolan County 
C B Drig Co 

M J Delaney Co 
Empire Drig Co 
Foree Drig Co 


gas-gaso 
gas-btne 
gas 
gas-btne 
gas-btne 
gas-btne 
General Geophysical Co ds! 
Great Western Drig Co ds! 

Roy Guffey Drig Co gas-btne 
} & L Drig Co Ltd ds! 
Moore & Moore Drig Co gas-gaso 
Norwood Drig Co gas-gaso 
gas-gaso 
gas-btne 
gas 

btne 
btne 
btne 


Penrod Drig Co 

Rheay & Reynolds Drig Co 
D L Rose Drig Contr 

Ray Smith Drig Co 
Wes-Tex Drig Co 


Nueces County 


Appell Drig Co 
Dan L Clark Drig Co 


gas-gaso 
gas-btne 
gas-btne 
Field Drig Co dsi 
Frio Drig Inc gas-btne 
Gilmour Drig Co gas 
C G Glasscock Drig Co gas 
Burdette Graham gas-btne 
3 C Drig Co stm 
gas-btne 
Longhorn Drig Corp gas-btne 
The Oil Corp gas-btne 
Yarborough Drig Co ds! 


Ochiltree County 
Arrow Drig Co 


Baker & Taylor Drig Co ds! 
ds! 
gas-btne 
gas-btne 
Brannon & Murray Drig Co gas-LPG 
Great Western Drig Co dsi 
ds! 
gas-gaso 
gas 


Keating Drig Co 
Loffiand Bros Co 
Lynn Drig Co gas-btne 
Reading & Bates Inc gas-btne 
Wagner & Wyant Drig Co inc ds! 


Orange County 
Prince Drig Co 


Padre Island (offshore) 
Zapata Off-Shore Co 2 dsl 


Panola County 
Carter-Jones Drig Co gas-btne 
gas-btne 
gas btne 
gas-btne 
gas-btne 
Delta Drig Co stm 
Milton Crow Inc ds! 

Ruhl Drig Co inc 


Tex-Mex Drig Co stm 


Pecos County 
Drig & Exp! Co of Del inc 
Gardner Bros Drig Co Inc 


gas-elec 
gas-btne 
gas-btne 
gas gaso 
gas-btne 
LPG 
gas 
gas 
gas-btne 
ds! 
gas-btne 
gas 


Great Western Drig Co 
Marcum Drig Co 
McQueen & Stout Drig Co 
LH &S A Olson Drig Co 


Penrod Drig Co 


Rowan Drig Co Inc 
Sharp Orig Co 


Randall County 
Frazier & Goble Drig Co 


B-56 


Mud 
Pumps 


Total HP 
All Main Drawworks 


Make and 
Model 


8é 


Beth M-58 
Brwstr N-7 
Unit U-15 
Unit U-15 
Emsco GA-500 


ao 
_ 
wo 


Unit U-15 
Brwstr N-55 


SS8sses 


Unit U-15 
Brwstr N-45 
Unit U-10 


Emsco GC-500 
Brwstr N-7 
Emsco 500 
Tiw 

Nati 50 

Unit U-15 
Beth M-58 
Emsco H-46 
Nati 50 

Unit U-15 
Crdwil Tririg 
Wisn 


Emsco 500 
Emsco 500 
Emsco 500 
Unit U-15 
Unit U-15 
Emsco G-500 
Emsco G-450 
Brwstr N-55 


Nati 75 
Nat! 50-A 
Unit U-15 


O:lwell 66 


Orwell 96 


Ideco Bg Gat 
Brwstr N-4 
Brwstr N-7 


Nat! 34-10 
Nati 75 
Orlwell 96 


Nat! 75 
Créwil RL 
Emsco G-350 
Nati T-20 


Nat! 125 
Beth MC-450 


Cummins NHRS 300 


Total HP 
Avail- 

able to Depth with 

Drwwks 4%" Pipe 


Rated 


8,000 
9,500 
9,500 
7,500 
7,500 
7,500 
7,500 
9,000 
7,500 
7,200 
5,500 
9,500 
12,000 
10,000 
7,000 
7,500 
6,500 


Contractor's Name 


Ranger County 
Walters Drig Co Inc 


Reagan County 
Bolin Oil Co & D H Bolin 


Clark Dale Drig Co inc 
Delta Gulf Drig Co 
Great Western Drig Co 
Lee Drig Co 
Tri-Service Drig Co 


Wilbanks & Rutter Drig Co 


Red River County 
Independent Drig Co 


Reeves County 
Gardner Bros Drig Co Inc 


Baker B Ingram inc 
McDaniel & Beecher! Drig Co 
O'Neal Drig Co 


Refugio County 
Harkins & Co 
Layton Brown Drig Co 


Roberts County 
Cree Drig Co inc 


Jet Drig Co inc 
Rowan Drig Co inc 


Runnels County 
Frank Caraway Drig Co 
Delaware Drillers Inc 
Henson Drig Co 

Herb Exp! Co 

Johann Drig Co 

Haynes B Ownby 

Oxford & Stasney Drig Co 
Robinson Drig Co 


D L Rose Drig Contr 
A B See Drig Co inc 
Tex-Mex Drig Co 


Rusk County 
Gibson 'Drig Co 
Nowery Drig Co Inc 


San Patricio County 
Allen & Morris 

Bay City Drig Co Inc 

Conroe Drig Co 

C G Glasscock Drig Co 

A W Gregg Drig Co 

} & C Drig Co 

Rock Hill Drig Co 


San Saba County 
Taylor Exp! Co Inc 


Schleicher County 
Fortune Drig Corp 

Gardner Bros Drig Co Inc 
Henson Drig Co 

Tucker Drig Co 


Scurry County 
Brannon & Murray Drig Co 
Calico Drig Co 


Continental Drig Co Ltd 
Coroco Drig Co 
Loffiand Bros Co 


Shackelford County 


Edgar Davis Drig Co 
Gypsy Exp! Co Inc 
Hack Drig Co 

Paine Drig Co 

H F Pettigrew Drig Co 


~-VnNenowwn 


oernaeoawn w 


Type 
Power 


gaso 


gas-btne 
gas-btne 
gas 

gas-gaso 
gas-gaso 


gas-gaso 
gas-gaso 


gas-btne 
gas-btne 
gas-btne 
gas-btne 


btne-gas 
gas-gaso 
btne 
gas-gaso 
gas 
gas-btne 
ds! 
btne-gas 
btne-gas 
ds! 

gas 

gas 


gas-btne 
gas-btne 
stm 

ds! 

gas 
gas-btne 
gas-gaso 


gas 
gas-btne 
btne 

gas 

ds! 


gas-LPG 
gas-btne 
gas-btne 
gas-btne 
gas-gaso 
gas 


gas-btne 
ds! 

btne 
btne 


Total HP 
All Main Drawworks 


Mud 


Pumps 


130 


225 
225 


936 


700 


825 
675 


Total HP 

Avail Rated 
able to Depth with 
Drwwks 4%" Pipe 


Make and 
Model 


Mayhew 1000 130 


Wisn Super 
Beth S-50 
Oilwell 66 
Nati 100 


Nati 75 

Oilwell 66 
Oilwell 76 
Unit U-15 


Failing 1500 


Nati 100 
Nati 100 
Unit U-10 
Hou Prtble 
Beth S-45-E 


Unit U-15 


Unit U-40 

Wisn Giant 
Brwstr N-4 
Nati 75 


Beth S-50 
Crdwii S 
Unit U-15 
Faring 1500 
Unit U-15 
Wilson 
Brwstr N-4 
Crdwil OC 
Unit U-15 
Beth S-55 
Nati T-20 
Emsco GB-350 


Crdwil KL 
Unit U-15 


Nati 50 
Brwstr N-45 


Nati T-20 
Unit U-34 
Emsco 500 
Unit U-10 


Mayhew 


Unit U-15 
Unit U-15 
Unit U-15 
Brwstr N-4 
Beth J-55 


Brwstr N-4 

Mayhew 3000 200 

Beth Breeze 200 

Beth Twstr S-55 500 

Orlwell 66 500 
900 


Unit U-15 
Franks 6000 


Wisn Giant 
Mayhew Prtbie 
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rHere’'s a ME&°Y curisTMAS TREE FOR 


ANY FORMATION, DEPTH OR PRESSURE — 
SINGLE, DUAL OR TRIPLE COMPLETION 


For any combination of pressures, com- 
bination of formations, or combination of 
depths, McEvoy Company manufactures a 
Christmas Tree that will give safe, eco- 
nomical, trouble-free completion. From the 
simplest screwed end, low pressure Christ- 
mas Tree assembly to high pressure, mul- 
tiple completion, stainless steel Christmas 
Trees, McEvoy has the answer. 

McEvoy trees are successfully servicing 
all types of completion problems. They 
include: 

Single completions, both low and high 

pressures. 


Dual completions, with low pressures 
on both strings. 


Dual completions with low pressure on 
one string and high pressure on the 
other. 


Dual completions from medium pres- 
sures to highest pressures. 


McEvoy has the answer, allowing in 
many instances production in several sands 
in one well with each string operating 
independently of the other—truly, an 
amazing economical benefit to oil pro- 
ducers today. 


Mf" Evoy COMPANY 


OIL WELL EQUIPMENT 


TEXAS AND MILBY ST. © P. O. BOX 3127 


HOUSTON 1, TEXAS 





Total HP 


Total HP _ Total HP 
All Main Drawworks Avail- 








Total HP 
Rated 


Contractor's Name 


Type 
Power 


All Main Drawworks Avail- Rated 
Mud Mekeand ableto Depth with 
Pumps Model ODrwwks 4%" Pipe 


Rig 
Contractor's Name No. 


Type 
Power 


Mud Makeand ableto Depth with 


Pumps 


Model Drwwks 4%" Pipe 





Shelby County 
Cardinal Drig Co tnc 
Tex-Mex Drig Co 
Sherman County 
Cree Drig Co Inc 
Smith County 

B G Byars Power Drig Co 
Gibson Drig Co 
Spearman County 
Beckman Inc 

Starr County 


Appell Drig Co 
Clark Fuel Prod Co 
Harkins & Co 

Hugh Kirkpatrick Inc 


12(wo) 


Joe A Payne Drig Co 
Rock Hill Drig Co 


Stephens County 
American Drig Corp 
Ewing Drig Co 

AF Knappenberger & 

K & H Drig Co 

Fred Pool Drig Co 

R-G Drig Co 

Schafer Drig Co 


Stonewall County 
Ace Drig Co 

O E Hall Drig Co 
McCutchen & Graham 


Moore & Moore Drig Co 
} B Schick Drig Co 


Sojourner Drig Corp 
Wes-Tex Drig Co 


Sutton County 
M J Delaney Co 
Great Western Drig Co 
Tucker Drig Co 


Swisher Couaty 
Schafer Drig Co 
Taylor County 
Delaware Drillers Inc 
Drill Well Oil Co 

Foree Drig Co 

Gogle Bros Drig Co 


-— NRK ON ye 


Henson Drig Co 

Lamar H Moore Drig Co 
Fred Pool Drig Co 
Rhodes Drig Co 
Thompson Exp! Drig Co 


Terry County 


Clark Dale Drig Co Inc 
Great Western Drig Co 


-_—— NON eK eee 


Midiand Drig Co 
Penrod Drig Co 


Throckmorton County 
American Drig Corp 

Hack Drig Co 

Harvey Drig Co 

Henson Drig Co 

Rankin Karper & Glass 
McCutchen & Graham 

R-G Drig Co 

Roy H Smith Drig Co 

Sojourner Drig Corp 


Titus County 


wo SRea- 


eewew vw Oe ee 


btne 
dsi-btne 
ds! 
gas-gaso 
gas 

gas 

dsi 


gas 
gas 
ds! 
gas-gaso 
gas-btne 
ds! 


gas-btne 
btne 
gas-btne 
btne 

ds! 

btne 
gas-gaso 


S22); 285888 





Nati 125 1200 
Unit U-15 — 


Unit U-15 


Beth MC-450 
Wisn Mogul 


Nati T-8-S 
Unit U-15 
Tiws5 

Nati 50-A 
Emsco GB-500 
Nati 50 


Emsco 750 
Emsco C-42 


Emsco GA-500 
Brwstr N-3 
Wilson 

Unit U-34 


Emsco 6-500 
Unit U-15 
Wisn Atlas 
Unit U-15 


Crdwii 0 
Crdwit 0 
Unit U-15 
Crdwit D 


Wisn Gnt Rdr 


Ideco TC-600 
Unit U-40 


Nati 50 
Wisn Super 
Unit U-34 
Crdwil KL 
Wisn Giant 
Unit t)-74 


Unit U-15 
Wilson Gat 


Oilwell 76 


Unit U-15 


Emsco 500 
Unit U-15 
Wisn Giant 
Beth M-58 
Beth S-45 
Wisn Giant 
Wilson ; 
Unit U-15 
Unit U-15 


20,000 
9,000 


8,500 





Tom Green County 
Roy Guffey Drig Co 

Herb Expi Co 

O'Neal Drig Co 


Upton County 
Harry Bass Drig Co 
Brown & Thorp Drig Co 


Cactus Drig Corp of Tex 
Sam E Crump Drig Co 
Gardner Bros Drig Co Inc 
Helmerich & Payne Inc 
Baker B Ingram Inc 
Johan Drig Co 
Loffiand Bros Co 


Lowe Drig Co 

BL McFarland Inc 
Nichols-Duncan Drig Co 
Rowan Drig Co Inc 

Sharp Drig Co 

Val Verde County 
Hewgley Drig Co 

Rowan Drig Co Inc 

Van Zandt County 
Smith & Breyer 
Victoria County 
Fitzpatrick Drig Co 

Frio Drig inc 

tiunt Drig Co Inc 


Walker County 


Bilbo-Redding Drig Co Inc 


Ward County 

Lioyd R French Co 

Gardner Bros Drig Co Inc 
Great Western Drig Co 
Hissom Drig Co 
Laughlin-Porter Drig Co Inc 
B L McFarland inc 


Webb County 
Miller Bros & Bowling 


Wharton County 
Appling Drig Co Inc 


Wichita County 

Jim Fish Drig Co 

Pontiac Drig Co of Tex 

R-G Drig Co 

Harold Shappell Drig Co 
Wilbarger County 

Bolin Oil Co & D H Bolin 6 
T V Gorman Drig Contr 1 
Jennings Drig Co 4 
Tibbits & Moore Drig Co 
Willacy County 
Appell Drig Co 

Harkins & Co 

Holmes Drig Co 

Hugh Kirkpatrick inc 
Mangum Drig Co 
Wilson County 
Buzzini Drig Co 

J E Hillier 

Kirkwood & Morgan Inc 
The Oil Corp 

Sutton Drig Co 
Winkler County 
Gardner Bros Drig Go Inc 
Helmerich & Payne Inc 
Loffiland Bros Co 

O'Neal Drig Co 


Abb 


gas-btne 
gas-gaso 
gas-gaso 


gas 

btne 
btne 
gas-btne 
gas 


gas 
gas 
gas 
gas 
gas 
gas 
gas 
gas-btne 
gas-btne 
gas 


gas 
ds! 


gas 
ds! 


ds! 
gas-gaso 
gas-gaso 
gas 
gas-gaso 


gas-btne 
ds! 
dsi-gas 
gas-btne 
gas-gaso 


gas-btne 
gas 
gas 
gas-gaso 
gas-gaso 


Beth MC-950 


Unit U-15 
Failing 1500 
Emsco GA-500 


520 7,500 
1,750/2%" 


675 10,000 


1200 
350 
200 


14,000 
6,500 
4,000 

12,500 
8,500 

12,500 

15,000 
8,500 

10,000 

11,000 

11,000 

12,500 

12,000 

15,000 

14,000 

15,000 


Emsco 
Nat! T-20 
Nati T-20 
Oilwell 76 
Unit U-15 
Nati 100 
Oilwell 96 
Unit U-15 550 
Wisn Atlas 900 
— 960 
- 1050 
Nati 100 

Brwstr N-75 

Nati 110 

Nati 100 


650 
1050 
1450 


14,000 
15,000 


Ideco 
Nati 125 


Mayhew 2,500 


8,500 
6,500 


Brwstr N-7 
Unit U-15 
Emsco UBLS 


Beth 450 


Unit U-10 
Nati T-25 


Beth S-60 


Crdwil RL 
Brwstr N-95 
Crdwil RL 


Emsco G-450 


Wilson 
Unit U-15 
Wilson 
Wichtex 


Wisn Gnt Rdair 
Wichtex R-3 
Unit U-15 


Unit U-15 
Nati 110 
Nat! 55-A 


Tiw 

Sullivan 300-A 
Nati 40 

Crdwil Tririg 


Nati 75 700 
Oilwell 96 1100 
960 
200 
450 


Beth S-45-E 
Emsco 450 
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THE BEST DUAL COMPLETION 


BROWN 
DS-S 


_ “both packers 
fully retrievable” 


“top packer 
can be pulled 
: independently | 


) “the RS4can be run and 
set- then pullout of = 
it, go back in é 


& retrieve if* 7 


BROWN OIL TOOLS, INC. 


2214 CAMPBELL ST 
DUSTON, TEXAS 


y 
y 
? 
Pa 
‘A é‘ 
; 
7 

FA 


“runs both packers 


simultaneously “ 


| Saves money!” 


IF YOU HAVE A PACKER PROBLEM 
— BROWN CAN HELP 


j 
j 


/\ 
m “saves time- fy y) 








Total HP Total HP Total HP Total HP 

All Main Drawworks Avail- Rated All Main Drawworks Avail Rated 
Rig Type Mud Makeand ableto Depth with Rig Type Mud Makeand ableto Depth with 
Power Pumps Model Drwwks 4%° Pipe Contractor's Name No Power Pumps Model Drwwks 4%" Pipe 


# 


Contractor's Name 





gas 1350 Beth MC-950 15,000 Mesa Drig Co Div of Camay 

gas Beth MC -950 15,000 Drig Co 5 gas 680 Nati 50-A 450 7,500 

gas Clark PR-1000 1050 12,500 Mountain States Drig Co Inc 2 gas-dsi 1000 Emsco J-750 10,000 
| 15 gas-dsi Nati 125 15,000 


Sharp Drig Co 


S88 


A W Thompson inc 


Wise County 
John W Harris Drig Co gas Hou Prtble 6,500 | Utah County 
gas Emsco GC-500 500 8,000 | Mountain States DrigCoinc 12 gas-gaso 600 €msco PDM-46 


Ideco 750 10,000 
oor ante “en Vernon County 


ds! Nati T-20 6,000 | Beckman Inc 14(wo)gas 150 
gas Unit U-15 7,500 WEST VIRGINIA 
gas-gaso 600 8500 | Jackson County 


gas Brwstr N-45 350 6,500 , 27 ' A 
ds! Beth $-55 550 7.000 Delta Drig Co 27 ds 380 ©Emsco GA-350 
dsi-gas Wisn Giant 8000 | Kanawha County 

dsi-gas Crdwil 0 8,500 | Eakie & Holder Drig Co ds! 300 Ideco H-30 
as Wisn Giant 6,500 
oo Nati 50 6,500 Pleasants County 


gas-btne Wisn Giant 450 7,500 Henry Gwaltney Drig Co gas-prop 200 


Leatherwood Drig Co 


E W Moran Drig Co 
Norwood Drig Co 
Pan-Tex Drig Co 
Rankin Karper & Glass 
Trio Drig Co 


—ewne weer ewne w= 


Wright Clark & Senkel Inc 


Wood County WYOMING 
B G Byars Power Drig Co Emsco 6-300 300 ssoo | Albany County 


M J Delaney Co Emsco UBLS 54 15,000 | True Drig Co ? dsl 185 Failing 
Delta Drig Co Emsco UB-54 1200 12,000 Big Horn County 

Emsco J-1100 1300 15,000 
Jerry Alex McCutchin Drig Co Wilson 6,500 
Woolf & Magee Inc Beth Tornado 15,000 


Clark Drig Co ds! Emsco 300GB 
ds! Wisn Mogul 

R L Manning Co gas-btne 475 Nati T-32 

Yookum County Converse County 

Cactus Drig Corp of Tex Neti 158 15,008 Delison Drig Co gas btne 320 Emsco GB-500 

Laughlin-Porter Drig Co Inc Unit U-15 7,500 Dyer Drig Co dst 185 Failing 66 

Sharp Drig Co Beth M-58 10,000 a g 

Tri-Service Drig Co Oilwell 96 16,000 | Crook County 

Western Drig Co inc Emsco 350 6,500 True Drig Co gas-gaso 500 Nati 50 


Crdwil 0 8,000 
Fremont County 
Young County Ainsworth Inc 100 Joy 
Bolin Oil Co & O H Bolin gas Wisn Giant 5,000 | Anschutz Drig Co inc ds! 300 © Wisn Giant 
Edwards Drig Co gas-gaso Unit U-15 9,000 Brack Drig Co Inc ds! 
gas-gaso Unit U-15 9,000 | Brinkerhoff Drig Co ds!-btne 340 Nat! T-20 

Harvey Drig Co gas- bine Wisn Giant 7,500 | AO Bullock Drig Co gas 225 Crdwil S 
Ira-Lee Drig Co gas Unit U-34 4,500 | Delta Guif Drig Co ds! 600 Nati 75 
A F Knappenberger & Kerr-McGee Oi! Ind Inc gas 870 =Nati 75 
K & H Drig Co gas Wisn Mogul 5,000 | Lohmann-Johnson Drig Co Inc gas 500 Oilwell 76 
Jim Lee Drig Co gas Unit U-24 4,500 | RL Manning Co gas-btne 750 Emsco G-500 
Gene McCutchin Wisn Giant 6,500 gas-btne 900 Emsco J-750 
Rankin Karper & Glass Beth S-55 7,000 gas-btne 1145 Emsco J-1000 

Wilson 3,500 gas-btne 375 Emsco GB-250 
Schulz & Brannan Drig Co Wisn Mogul 5,000 | Mountain States Drig Co inc gas-ds! 1000 Nat! 80-B 
Varner-Neill Drig Co gas Wisn Giant 6,000 Pioneer Drig Co Inc ds! 850 Emsco J-750 


Zapata County True Drig Co gas-gaso = 500 Beth 


General Well Drig inc gas-btne 300 © Brwstr N-4 5,000 | Goshen County 
Exploration Drig Co gas Beth S-60 
UTAH Progressive Drig Co Inc gas Beth Twister 


Hot Springs County 

Brack Drig Co Inc ds! 

Grand County Carpenter-Trant Drig Co ds! Brwstr N-4 

Great Western Drig Co ‘ Dyer Drig Co gas-gaso Nati T-32 

Mesa Drig Co Div of Camay George Noland Drig Co Inc gas-btne Wisn Mogul 
Drig Co 6 gas-btne Emsco PDM. 36 

Walker & Wilson Drig Co Nat! 50-A True Drig Co gas -gaso Emsco H-46 


San Juan County Natrona County 

Exploration Drig Co 4 Unit U-15 600 Anschutz Drig Co Inc Wisn Giant 
Unit U-15 400 Nati 50-A 
Nati 75 600 . Loffiand Bros Co 

Fleeger-Riley Drig Co Inc l Beth Twister 600 

H B Lynn Drig Corp Nati 50 

Mesa Drig Co Div of Camay 

Drig Co Unit U-15 600 
R W Rine Drig Co Brwstr N-7 600 


San Pete County 
Great Western Drig Co Park County 
Anschutz Drig Co Inc ? gas 900 = Unit U-15 
Ciark Drig Co ds! Nat! 50 
Tooele County Delison Drig Co gas-btne 255  Emsco GA-250 
Walker & Wilson Drig Co 2 Nati T-32 Delta Drig Co gas-btne 1520 Emsco J-1250 
Kerr-McGee Oi! ind Inc gas 1000 = Nat! 100 
Uintah County R L Manning Co gas-btne-elec 600 Emsco 300 
Bauman Drig Co Wisn Atlas gas-btne 900 §6Emsco GB-800 
Kerr- McGee Oil Ind inc Nati 50 G | gas-btne 550 Emsco GA-350 
Nati 75 George Noland Drig Co Inc gas-btne Unit U-15 


Box Elder County 
Clark Drig Co 


Niobrara County 
Black Hills Drig Co tnc Emsco GA-350 
A 0 Bullock Drig Co Wichtex RS 
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punday 
Outing... 


I; could be any day of the 

week ... the picture would be the 
same. The fact that Sunday is 
the Reed man’s day for church, 
family and relaxation only 
emphasizes that he didn’t come 
just for the ride. 


The Reed man joins similar 
caravans every day to find where 
in the wilderness you might be 
rigging up. He takes note of 
landmarks so that later, 

when fast action counts, he can 
get to your location 

without loss of time. 


This is an important part of 

his job of keeping you supplied 
with the Reed “Mark of Quality” 
products you need to put your 
well down in the shortest 
possible time . . . at least cost. 
Rely on the Reed man 


mR! AR) 
280) 


ROLLER BIT COMPANY 


HOUSTON 1, TEXAS 





LONDON 





... right at the 


lake a look at the tool joint thats right for your rig 


Cut Your Drill String Inventory In Half — Too Cut Down On Shop Work, Transportation, Ex- 
joints account for about 50% of the cost of your drill pense, Delays. Reed Super Shrink-Grip tool joints 


pipe equipped with tool joints. You can save working are field-replaceable, allowing all changes in your 
capital by stocking only the pipe—then buying tool drill string to be made right at the rig! 
joints only as needed 


Fixed Landing Shoulder assures proper makeup, Unitized, Leak-Proof Bond between tool joint and 
eliminates guesswork, effects an extra seal. Reed's drili pipe is assured by Super Shrink-Grip feature. As 
men or your own simply screw heated joint onto heated tool joint cools, it “shrinks” a predetermined 
drill pipe until landing shoulder “goes home” with amount, bringing tool joint and pipe surfaces to 
a jar gether in a “super grip” 


Naturally; 


were talking about the... 


REED ROLLER BIT COMPANY + HOUSTON 1, TEXAS...Guwif Coast, Mid-Continent, Rocky Mountain ad 





rig ! 


regardless of tts location 


A Telephone Call brings the Reed instructor or 

crew with special portable equipment which permits 

easy, undamaged application or removal of tool 
@ joints right at the rig! 


Perfect Sealing Of Thread Areas is the result of 
exceptional care in machining thread and Shrink- 
Grip areas, plus Reed's 120 inspections during the 
manufacturing process 


TOOL JOLNT/ 


Canadian Distributor for Martin-Decker Products 

















sence | ceeeeeee | consent Buying Drill Collars | 


ugh your supply store 
makes good sense 


And Reed Drill Collars are the best 
your supply store has to offer 





You can’t go wrong when you buy the prod- 
ucts on which your supply man banks his 
reputation every day ... with every sale. 


Your supply man can tell you that Reed 
drill collars will help you avoid costly 
troubles resulting from misalignment of 
connections, thread galling, and other pre- 
mature connection failures. 





Alloy steels made to Reed’s own specifi- 
cations... scientifically controlled all-over 
heat treating...precision machining... anti- 
galling treatment of threads which changes 
the thread surfaces to iron and manganese 
phosphates...make Reed Drill Collars the 
most economical in the field. 














Contractor's Name 


Sublette County 
Clark Drig Co 

Detta Drig Co 

Loffiand Bros Cx 


Sweetwater ‘County 


Clark Drig Co 
Signal Drig Co 


Washokie County 
Anschutz Drig Co inc 


Contractor's Name 


Conesuh County 
A W Williams Drig Co Inc 


Union County 
H F Hatcher & Son 


Huerfano County 
Western Drig Co Inc 
Routt County 
Western Drig Co Inc 


Sterling County 
Signal Oilfield Serv 


Christin County 
C W Strotman Drig Co 
Clark County 

W L Dillier 

Clay County 


Shulman Bros 


Cole County 
Claypool Drig Co 
Donald P Knverim 
Princeton Mining Co 

C W Strotman Drig Co 
Crawford County 
Calvan American inc 
Donald P Knierim 
Payne Bros Drig Co 
Fayette County 
Claypool Drig C« 


Hamilton County 
C E Breha 


Jasper County 
Don Slape Drig Co 


Rig 
No 


23 
7 
139 


Type 


Power 


Total HP 

All Main Drawworks 
Mud Make and 
Pumps Model 


Nati 50 


Emsco GA-500 


Nati 75 CE 
Nat! 80 


Brwstr N-55 
Wisn Giant 


Total HP 

Avail Rated 
able to Depth with 
Drwwks 44° Pipe 


> 
/ 


8,000 
11,000 
9,000 


7530 
500 
969 
900 


Contractor's Name 


Carpenter-Trant Drig Co 


Detison Drig Co 
R L Manning Co 


George Noland Drig Co Inc 
True Drig Co 
Weston County 


A 0 Bullock Drig Co 
Bob Olds Drig Co 


A L Schlarkjer 
J) D Sprecher 


Type 
Power 


ds! 
ds! 
gas-btne 
gas-btne 
gas bine 
gas bine 


gas-gaso 


Tota! HP 
All Main Drawworks 

Mud 
Pumps 


Make and 
Model 


423 Unit U-34 
450 Wisn Giant 
255 Emsco GB-5 
375 «= Emsco 45 
50 §=6©Emsco 6-50 
Emsco PDM 


400 «=6—Ems 


370 = Beth_- Twister 
365 Emsco GB 
235 Wisn Mogul 
Wisn Giant 
38) Brwstr N-45 


S. Contract CABLE TOOL Drilling Rigs 


Type 
Power 


Top to 
Bottom 
Orig 


HP of 
Driving 
Engine 


ALABAMA 


ds! 


200 


ARKANSAS 


gas-gaso-btne 140 
COLORADO 


btne 


185 


ILLINOIS 


gas-gaso 
gas-gaso 


gas-gaso 
gas 
gas 
gas 


gas gaso 
gas 
ds! 


gas-gaso 
gas-gaso 
gas-gaso 
gas-gaso 
gas-gaso 


btne 


145 
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Cleanout 
Cap. Depth Cap. and Model 


Workover 


and 
Rig Make 


Crdwil KL-225 


B Erie 48-4 


B Erie 48-1 


Crdwit RL 
Crdwil RL 
Crdwii RL 
Fraks Cipr 
Crdwil RL 
Crdwii RL 
Crdwil RL 


Crdwil # 


B Erie 60-L 


Crdwil H 
Crawil H 


B Erve 28-1 
B Erie 60-1 
Crdwil L 
Crdwil H 


B Erie 24-1 
B Erie 24-1 
B Erie 28-1 


B Erie 24-1 
B Erie 24-1 
B Erne 60-1 
B Erie 60-1 
B Erie 28-1 


Crawil K 
Crowil K 


Crdwil K 





Contractor's Name 


Lawrence County 
Dee Watson Drig Co 
Houchins Drig Co 
Payne Bros Drig Co 
Marion County 
Graham Pow ell 
Saline County 

C W Strotman Drig Co 
Wabash County 
Dee Watson Drig Co 
Payne Bros Drig Co 
Wayne County 
Nation Drig Co 

White County 


Ardee Oi! Co 
C W Strotman 


Anderson County 
R L Horn & Sons Drig Co 
Barber County 
Patton Drig Co Inc 
Butler County 
Morrison Drig Co Inc 
Cowley County 

L C Smitherman Drig Co 
Elk County 

Butler County Drig Co 


Great Bend County 


Signal Oilfield Serv 


Greenwood County 


L C Smitherman Drig Co 
Morris County 
Strait Drig inc 
Seward County 
Dunnam & Wyant Drig Co 
Sumner County 

L C Smitherman Drig Co 


Christian County 
Marhill Oi! & Gas Co in 
Hopkins County 


Riley and Gammon 


bine 


btne 
gas 


HP of 
Driving 
Engine 


175 
175 


KANSAS 


btne 


LPG 


btne 


KENTUCKY 


145 6000 


Total HF 
Avail 
abie t 


Drwwks 


it 


» GA-25 


6000 
6000 
600 


6000 


400 


44 


a4%°?P 





Workover 
Bottom and 
Drig Cleanout Rig Make 


Top to Workover Top to 
HP of Bottom and 


Type Driving Orig Cleanout 


HP of 


Rig Make Driving 


Contractor's Name 


No. Power 


Engine Cap. Depth Cap. 


and Model 


Contractor's Name 


Engine 





Muhlenberg County 
Jack and H P Read 


Caddo Parish 
Burnham & Robinson Drig Co 


Gratiot County 
McClure Oil Co 
Montcalm County 
McClure Oil Co 


Osceola County 
Gordon Drig Co 


Giacier County 


) W Lawrence 
M-H-O Drig Co 


Liberty County 
B & B Drig Co 


Teton County 


1 W Lawrence 
Treasure State Drig Co 


Rich 





dson County 
Nemaha Oi! Co 


Eddy County 
Aldridge & Stroud Inc 


Collier Drig Co 
Kersey & Co 


Lea County 
Aldridge & Stroud ‘nc 
Donnell Drig Co 


Rio Cerriba County 
H V Middleton Inc 


Cattaragus County 
Grosch Bros 


Hocking County 
R A Cooper Drig Co 


Weod County 
H J Lininger 


Wyandot County 
H J Lininger 


Beckham County 
G H Ray Well Service Co 
Caddo County 

G H Ray Well Service Co 


1 (wo) 


prop 
gaso 


78 
65 


LOUISIANA 


dsi 


350 


MICHIGAN 


gas 
gas 
gas 
gas 


btne-gas 


145 


145 
145 
145 
145 


145 


MONTANA 


gas-gaso 
gas-btne 
gas-btne 
dsi 
ds/ 


gas-gaso 
gas 


175 


125 
140 


NEBRASKA 


LPG 

LPG 

gas-gaso 
gas-gaso 
gas-gaso 
gas-gaso 
gas-gaso 


LPG 
gas-btne 


ds 


gas-gaso 
gas-gaso 


OKLAHOMA 


gaso-gas 


gaso-gas 
gaso-gas 
gaso-gas 
gaso-gas 


Carter Stephens County 
1 LPG-gas-gaso 145 
2 LPG-gas-gaso 145 


Feeney & Meyers 


3 LPG-gas-gaso 145 


150 
NEW MEXICO 


525 
145 
145 
185 
120 
120 
120 


145 


175 


8 
65 


3500 
1200 


6 88 ss88esé 


B Erie 28-L 
B Erie 22-W 


Brwstr V-170 


B Erie 36-1 


B Erie 36-1 
B Erie 36-L 
B Erie 36-L 
B Erie 36-1 


Crdwil H 


B Erie 

B Erie 36-L 
B Erie 36-L 
B Erie 36-1 
B Erie 48-L 


B Erie 36-1 


Nati 
B Erie 36-1 


Wichtex C-60 


Wichita 55 
Wichita 61 

B Erie 36-L 
Nati 3 

Wich Spddr 55 
Wich Spddr 61 
Nati 3 


Wichita 61 
Wichita 61 


Froks Trir 


Nat 2 


LC Moore 


Beth Cyclone 
Beth Cyclone 


Crdwil 


Wisn Master 
Crdwil RL 
Crdwil S-60 
Wilson 


10,000 Crdwil RL Spddr 
10,000 Crdwil RL Spddr 
10,000 Crdwil RL Spddr 





) G Cantrell Drig Co 


Creek County 
Acacia Drig Co 

Bennett Drig Co 

Gulf Coast Western Oi Co 
HE R Drig Co 

M L (Mike) Marrs Drig Co 


Ne wWNe Ne Oe 


Stephens Drig Co 
Crook County 

B & W Drig Co 
Garfield County 
Hayward Drig Co 
Garvin County 
H V Middleton Inc 
Grant County 
Sooner Drig Co 
Greer County 
Bolin Oil Co 

Kay County 

Dave Morgan Drig Co 

L C Smitherman Drig Co 


Lincoln County 
Chambless-Rosen Drig Co 
Logan County 


Sooner Drig Co 

Noble County 
Chambless-Rosen Drig Co 
Seiboidt Drig Co 


Nowata County 
Bennett Drig Co 


Okfuskee County 
Floyd R Hyer 


Okiahoma County 


Duke Anderson Drig Co 1 (wo) 


4 
C-12 
c-13 
HE R Drig Co 1 
Mora Drig Co 4 


Okmulgee County 
Acacia Drig Co 


Heimerich & Payne Inc 


B & W Drig Co 
Bennett Drig Co 
Gold-Mar Drig Co 
K R McKinney 


wnee wn wh 


Stephens Drig Co 


Osage County 
Bennett Drig Co 


Mora Drig Co 


Signal Oilfield Serv 


Pawnee County 


Mustang Drig Co (Tulsa) 


Payne County 
Foster Drig Co 


Pontotoc County 


175 

LPG 

gas 

ds! 

LPG 

LPG 

LPG 

LPG 

gas 


gas-btne 


gas-LPG 


gas 
gas 
gas-btne 


LPG 
LPG 


gas-gaso-btne 60 


btne 450 
btne-gas 140 
btne-gas 145 
ds! 150 
dsi 150 
gas-btne 350 
gas 300 


Cap. Depth Cap. and Model 


B Erie 36-1 
Wikr Nr 34 
Wihkr Nr C-34 
Franks 

B Erie 36-1 
B Erie 36-1 

E Erie 36-1 
B Erie 36-1 
Star 45 


4500 
3500 
5000 
3500 
3500 
3500 
3500 
3500 
3500 


4500 
4500 
6500 
7000 
4500 
5090 
5000 
5000 
4000 


3000 Wikr Nr S43 


Brwstr 


Froks Trir 


Wikr-Nr 


Wikr-Nr S-45 


Crdwil RL 
Crdwil RI 


Crdwil Ri 


Crdwil 
Crdwil 
Wikr-Ner 


B Erie 24-1 
Whkr-Nr 


Star K Sp ddr 


Franks 65 
B Erie 36-L 
Crdwil R 
Franks 
Franks 
Ideco 
Wisn Giant 


B Erie 36-L 

B Erie 36-1 
Wikr-Nr S 43 
B Erie 28-L 
Wich Spddr 25 
B Erie 28-L 

Ft Wrth H 
Star 83 


Star 45 

B Erie 28-L 
B Erie 28-1 
Wisn Mogui 
Wisn Mogu! 
Nat! T-12 
Wikr-Nr C-34 
Wikr-Nr C-34 


490) 509) 


Cooper 


1800 Allis Chmrs Spd 
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REDUCE YOUR PUMPING COST 


a i 02 ome 


— 


0 eee ee 
ce aw 


Bin sn aoe © 18 a 





The Cabot quality pumping unit 
is designed to do but one job — 
to pump oil, at low cost with min- 


imum of downtime. 


Before you buy or specify, let 
your Jones & Laughlin man near- 
est you tell you how Cabot will 


get more oil in the tank for less 


money. 


Cabot now offers its OWN 24-HOUR PARTS 
AND MAINTENANCE SHOPS at Odessa, 
Houston, Alice, Kilgore, Compton, Great 
Bend, Seminole, Casper, Pampa, Tulsa, and 
Edmonton. 


DIVISION OF CABOT SHOPS, INC. Ey 
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Seminole County 
F & M Well Serv ( 


Troup & Sutties Inc 


Tulsa County 
Bar-Lee Drig Co 
Stephens Drig Co 
Wagoner County 
Bennett Drig Co 


Washington County 


Bennett Drig Co 
H & S Drig Co 


K & S Drig Co 


Andrews County 
Charlies E Long Jr Inc 
Western Drig Co In 
Westlund Drig Co 


Borden County 
Charles E Long Jr Im 
Bosque County 
Oney Drig Co 
Callahan County 
W H Varner Drig Co 
Carson County 


C P Drig Co 
}R McGill 


Coche County 
H V Middleton Inc 


Comanche County 
Kent & Preston 


Cooke County 


Russell & Russell Drig & Prod Co | 


Crane County 
Aldridge & Stroud In 
Brown & Thorp Drig Co 


Crockett County 
Aldridge & Stroud In 


Ector County 
Art West Drig C 


Eastland Oi ( 


McQueen & Stout Drig ( 


Fisher County 
Oxford & Stasney Drig Co 
Gaines County 
Charles E Long Jr Inc 
Garza County 
Western Drig Co In 
Gray County 

C P Drig € 


Hills & Hills Drig 
Murphy & McKerna 


Howard County 
C D Turner Drig Co 


B-68 


LPG 
gaso 
LPG 
LPG 
LPG 
gas gaso 


LPG 
gas 


LPG 


gas 

btne 
gas-btne 
gas-btne 


gas-btne 
gas-gaso 


gas- bine 
gas bine 
gas-gaso 
gas-gaso 


HP of 
Driving 
Engine 


Top to Workover 
Bottom and 
Drig Cleanout 


Rig Make 


Cap. Depth Cap. and Model 


800 


5500 
5500 
5500 
9000 


3500 
2500 


5900 10,000 


Crdwi! 
Franks 
Franks 
Franks 
Franks 
Wikr- Nr 33 


Wikr-Nr 32 
Star 43 


B Erie 24-1 


B Erie 60-L 


B Erie 36-1 
B Erie 28-1 


Crdwil R 
B E:ie 36-1 
Unit U-15 
Nati 50 


Emsco GA-500 


B Erie 22 


Wisn Mogul 
B Erie 


Unit U-10 


Ft Wrth Jumbo 


Ft Wrth Super H 


15,000 


Ft Wrth J 
Ft Wrth F 
Ft Wrth D 


Ft Wrth D 


Crdwil RL 
Crdwil Rt 
Crdwil Rt 
B Erie 
Crdwil RL 
Nati 3 
Nati 3 
Crdwi! RI 


Wisn Giant 


GA-500 


Emscc 


B Erie 36-1 


B Erie 36-1 
Wikr-Nr C-34 
B Erie 36-1 
B Erie 36-1 





Contractor's Name 


Hutchinson County 


Hills & Hills Drig 
J R McGill 
Robinson Brothers Drig C 


Lubbock County 


Western Drig Co Inc 
Westlund Drig Co 


McCulloch County 


Kent & Preston 


Mitchell County 


Hissom Drig Co 
Western Drig Co Inc 


Pecos County 
Aldridge & Stroud Inc 


Reagan County 


Westlund Drig Co 
Wilbanks & Rutter Drig Co 


Runnels County 
Oxford & Stasney Drig Co 


Scurry County 
Brown & Thorp Drig Co 


Taylor County 
Jones Well Serv Co 


Upton County 


Aldridge & Stroud Inc 
Buck Jones Drig Co 


Brown & Thorp Drig Co 


Westiund Drig Co 
Ward County 


Aldridge & Stroud Inc 


Hatfield Drig Co In 


C C Pollard 


Art West Drig Ce 


Wheeler County 

C P Drig Co 

Wagner & Wyant Drig Co In 
Wilbarger County 
Dublin-Kiel 


Williamson County 
H J Steward 


Winkler County 


Donnell Drig ( 


Yoakum County 
Western Drig Co In 


Young County 


tra-Lee Drig C 
Oney Drig Co 


gas-btne 
gas- gas 


ga 


btne 


gas-btne 


gas-gasc 


gas-gas 


gas - gasc 


gas-btne 


Top to 
HP of Bottom and 
Driving 


Engine Cap 


3000 


5000 
8500 
10,000 
1500 
10,000 
5000 
6000 
8000 
6000 


5 000 
5 on 
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Drig Cleanout 
Depth Cap 


Workover 


Rig Make 
and Mode! 


Wikr-Neer S 
B Ene 
B Erie 48-1 


B Erie 48-1 
Wisn Titan 


Ft Wrth J-37 


Crdwil RL 
B Erie 48-1 


B Erie 28-1 


Unit U-15 


Brwstr N-4 
Ft Wrth F.37 


B Erie 36-1 
B Erie 36-1 
B Erie 36-1 


B Erie 36-L 
Wikr-Nr 33 
Wikr-Ne 32 
Nati 3 
Wichita 66 
Ft Wrth F 
Wichita 61 
Ft Wrth D 
Ft Wrth D 
Wichita 55 
Ft Wrth D 
Wisn Rdair 


B Erie 36-1 
Crdwil RL 
Crdwil 

Crwdil 

Crdwil 

Wich 61 Spddr 
Wich 66 Spddr 
Crdwil RL 
Crdwil KL 


B Erie 36-1 
Wikr-Nr §-33 


Ft Wrth D 


Wichita 61 
Wichita 55 


Wikr-Nr C-34 
Wichita 
Wichita 
Ft Wrth 
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Rig Type 
Power 


WEST VIRGINIA 


Contractor's Name No 
Logan County 


Allen Drig Co 


Mingo County 
Allen Drig Co 


Top to Workover 

Bottom and 
Drig Cleanout 
Cap. Depth Cap 


Rig Make 


and Model Contractor's Name 


Monoughalia County 
Cecil Chisler & Son 


Raleigh County 
Allen Drig Co 


Weston County 
Per! Smith Drig Contr 


Rig Type 


No 


Top to Workover 
HP of Bottom and 
Driving Drig Rig Make 
and Mode 


Cleanout 


Power Engine Cap. Depth Cap 


WYOMING 


145 


CANADIAN DRILLING CONTRACTORS 
ROTARY AND CABLE TOOL 


Able Drig Co 

Three Hills, 

Alberta, Canada 
Anderberg & Sons Drig, Lid 

8 Hatfield Court 

Calgary, Alberta, Canada 
Arrow Drig Co Ganada Ltd 

201 Oil Exchange Bidg 

Calgary, Alberta, Canada 
Peter Bawden Drig Ltd 

810-A First St. W 

Calgary, Alberta, Canado 
Big Horn Drig Ltd 

6530 100 St 

Edmonton, Alberta, Canada 
B. M. G. Drig Lid 

9916 109th St 

Edmonton, Alberta, Canada 
Brinkerhoff Drig Co Ltd 

1001 Mobil Oi! Bidg 

Calgary, Alberta, Canada 
Cascade Drig Co Ltd 

330 9th Ave West 

Calgary, Alberta, Canado 
Central Leduc Drig Co Ltd 

224 9th Ave W 

Calgary, Alberta, Canada 
Commonwealth Drig'Co Ltd 

122 8th Ave W 

Caigary, Alberta, Canada 
Coultis Drig Ltd 

1724 Suffolk St 

Calgary, Alberta, Conada 
Dallas Drig Co Ltd 

1208 First Nat'l Bk Bidg 

Dallas, Tex 
Devon Drig Co Ltd 

703 Sth St W 

Calgary, Alberta, Canadea 


ALPHABETICAL LISTING 


Dominion Drig Co Ltd 

401 Petroleum Bidg 

Edmonton, Alberta, Canada 
Double "A" Drig Co Ltd 

709 8th Ave W 

Calgary, Alberta, Canada 
General Petroleums of Canada, Ltd 

224 Ninth Ave W 

Calgary, Alberta, Canada 
Gustavson Drig Co Ltd 

208 Alberta Block 

Calgary, Alberta, Canada 
Hi-Tower Drig Co Ltd 

400 Lancaster Sidg 

Calgary, Alberta, Canada 
Hunter Drig Lid 

602 7th Ave W 

Calgary, Alberta, Canada 
Kenyon's Drig Co Ltd 

10439 82nd Ave 

Edmonton, Alberta, Canada 
Lohmann-Johnson Drig Co Ltd 

208 Bomlett Bldg 

Calgary, Alberta, Canada 
Loffiand Bros Co 

Box 1649 

Tulsa, Okla 
J. W. MacKenzie Drig Ltd 

152 First Ave S 

Saskatoon, Saskatchewan, Canada 
Moore Drig Co Ltd 

6th Fir Petroleum Bidg 

Calgary, Alberta, Canada 
Mortenson Drig Co 

8703 83rd Ave 

Edmonton, Alberta, Canada 
Owen Drig Co 

Oil Center Sta 

Lafayette, lo 


Ozark Drig Co Ltd 

133 6th Ave E 

Calgary, Alberta, Canada 
Parker Drig Co of Canada Ltd 

409 8th Ave W 

Calgary, Alberto, Canada 
Patterson & Culver 

Box 92 

Dunnville, Ontario, Conada 
Pennant Drilling Ltd 

Royal Bank Bidg 

108-A 8th Ave W 

Calgary, Alberta, Canada 
Reading & Bates Drig Co Ltd 

Royal Bk Bidg 

Calgary, Alberta, Cenada 
Regent Drig Co Ltd 

Box 421! 

Edmonton, Alberta, Conadeo 
Rio Palmer Oils Ltd 

304 Royal Bank Bidg 

Calgary, Alberta, Conado 
S & T Drig Co Ltd 

10824-A 82nd St 

Edmonton, Alberta, Canado 
Signal Exploration {nc 

203 Mayo Bidg 

Tulsa, Okla 
Stewart Drig Co Ltd 

10856 82nd Ave 

Edmonton, Alberta, Canada 
Trinity Canadian Drig Co 

1001 F. R. Webster Bidg 

237 7th Ave W 

Calgary, Alberta, Canada 
Tri-Province Drig Co Ltd 

307 6th Ave W 

Calgary, Alberta, Canada 
Wilrich Drig Ltd 

10584 107th St 

Edmonton, Alberta, Canada 


Canadian Contract ROTARY Drilling Rigs 


Rig Type 
No Power 


ALBERTA PROVINCE 


Reading & Bates Drig Co Ltd ds! 


1 
3 
4 
5 
6 


All Main Drawworks Avail 


Total HP 
Rated 
Make and able t Depth with 


Mode Drwwks 4%" Pipe Contractor's Name 


Acheson 


Commonwealth Drig Co Ltd 


Alder Flats 
Tri-Province Drig Co Ltd 


Nat! 50-A 7,000 
Nati 75 10,000 
Nat! 80-B 12,000 
Nat! 50-A 00 ? 000 
Nati 50 } ? 000 
Nat! 50-A 7,000 
Nati 110 13,500 


Alliance 
BM G Drig itd 
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Total HP 

All Main Drawwork 
Mud Make and 
Pumps Mode 


275 «=Cardwell 





Type 
Contractor's Name 


Power Pumps 


Total HP Total HP 
All Main Drawworks Avail- Rated 
Mud Makeand ableto Depth with 
Model Drwwks 4%” Pipe 


Type 


Contractor's Name Power 


Total HP 
All Main Drawworks 

Mud 
Pumps 


Total HP 

Avail- Rated 
able to Depth with 
Drwwks 4%" Pipe 


Make and 
Model 





Balzac 
Commonwealth Drig Co Ltd 


Bentiey 
Brinkerhoff Drig Co Ltd 


Moore Drig Co Ltd 


Bergen 


Pennant Drig Ltd 
Bindloss 
Big Horn Drig Ltd 


Blackfalds 
Commonwealth Drig Co Ltd 


Bonnie Gien 
Stewart Drig Co Ltd 


Breton 
Gustavson Drig Co Ltd 


Brooks 
Coultis Drig Ltd 


Buck Lake 
Commonwealth Drig Co Ltd 


Tri-Province Drig Co Ltd 


Calgary 

Anderberg & Sons Drig Ltd 
General Pet of Canada Ltd 
Lohmann-Johnson Drig Co Ltd 


Camrese 
Ozark Drig Co Ltd 


Cremona 
Brinkerhoff Drig Co Ltd 


Drayton Valiey 
Arrow Drig Co Canada Ltd 
Hi- Tower Drig Co Ltd 


Regent Drig Co Ltd 


S & T Drig Co Ltd 


Drumheller 
Parker Drig Co of Canada Ltd 


Edmonton 


Peter Bawden Drig Ltd 
Kenyon's Drig & Serv itd 
Mortenson Drig Co 


Devon Drig Co Ltd 
Loffiand Bros Co 


Entrance 
Lofftand Bros Co 


Ernestina Lake 
Cascade Drig Co Ltd 


Erskine 
Commonwealth Drig Co Ltd 
General Pet of Canada Ltd 


Fairview 
Regent Drig Co Ltd 


B-70 


1250 deco 7-11 10,500 


8,000 
8,500 
7,000 


Nati 50-A 
Nati 50-A 
Emsco 450 


Unit U-15 8,500 
Cardwell L 3,500 


6,500 
8,500 


Nat! 50 
Emsco GC-500 


Unit U-15 


Nat! 55 


Ideco H-25-D 


Nati 50 
Brwstr N-7 
Nat! 50-A 
Emsco GA-350 


Mayhew 1000 


Oilwell 66 
Unit U-15 


Brwstr ML 


Nat! 110 


Emsco GB-350 
Oilwell 66 
Onlwell 66 
Nati 50 
Nati 50 
Oilwell 66 
Unit U-15 
Brwstr N-7 
Ideco 4-40 
Nat! 50-A 
Nati 50-A 
Nati T-32 


Nati 50 
Oilwell 64 8 


Unit U-36A 
Cardwell 151 
Failing CFD1 


Emsco GA-500 


Nati 7-20 


Nati 50 
Emsco GB-350 


Brwstr N-? 





Grande Prairie 
Arrow Drig Co Canada Ltd 


ds! 
26 dsl 
ds! 


Devon Drig Co Ltd 


Harmatton 


Cascade Drig Co Ltd ds! 
Commonwealth Drig Co Ltd ds! 

ds! 
General Pet of Canada Ltd ds! 


Hussar 

Hi-Tower Drig Co Ltd ds! 
Joffre 

Cascade Drig Co Ltd 


Medecine Hat 
Wilrich Drig Ltd 


Medin 
Loffiand Bros Co 


Midnapore 

Trinity Canadian Drig Co 
Morinville 

Regent Drig Co Ltd 

Olds 

Parker Drig Co of Canada Ltd 
Peace River 

Arrow Drig Co Canada Ltd 


Pembina 
Brinkerhoff Drig Co Ltd 


Cascade Drig Co Ltd 


Commonwealth Drig Co Ltd 


Dominion Drig Co Ltd 


Double-A Drig Co Ltd 
General Pet of Canada Ltd 


Gustavson Drig Co Ltd 


Hunter Drig Ltd 
Parker Drig Co of Canada Ltd 


Pennant Drig Ltd 
Tri-Province Drig Co Ltd 


Pincher Creek 
Brinkerhoff Drig Co Lta 


Pouce Coupe 
Commonwealth Drig Co Ltd 
Red Deer 


Arrow Drig Co Canada Ltd 
Peter Bawden Drig Ltd 


THE PETROLEUM 


600 
600 
700 


S22 


82288 


14,000 
13,000 
9,500 


Emsco J-1000 
Emsco GB-800 
Emsco GB-500 500 


14,000 
12,000 
10,000 
10,000 


Unit U-20 
Nati 80B 
Nati 55 


1410 
1000 


Cardwell D 5,000 


Cardwell D 5,000 


Nati T-12 4,000 


Failing 2500 


Nati 75 
Brwstr N-4 520 


Nati 125 1005 


Emsco GC-500 600 


Nati T-32 300 
Nati T-32 300 
Emsco GA-350 450 
Nat! 50A 

Nati 50 

Wisn Giant 

Nati SOA 

Nat! 50A 

Nat! 50A 

Nati 50 

Cardwell L 

Nati 50 

Oilwell 648 

Ideco H-40 

Emsco GB-350 

Nat! 50A 

Nati T-32 

Nati 50-A 

Nati T-32 

Emsco GB-250 

Nat! 50 

ideco H-525 


Nat! 50 
Nati T-32 
ideco H-40 
Cardwel! 
Nat! 50 
Nat! 50 
Nati 50-A 
Unit U-34 
Ideco H-525 520 
Beth Twstr S-55 520 
Beth Twstr $-55 520 


SS8szees 


Emsco A-800 1269 
Emsco GB-800 126° 


Nati 50 530 


Emsco GB-350 350 
Nati T-32 275 
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THE CALIFORNIA COMPANY, LOUISIANA GULF COAST 


DESIGNS, ENGINEERS, and BUILDS COMPLETE 
PACKAGED GAS COMPRESSOR PLANTS 


Southwest erects complete gas compressor plants: engi- 

neering, compressors, barge, building, on one purchase 

order and with single responsibility from beginning to end. FOR GAS LIFT, GAS BOOSTER, PRESSURE 
The floating unit shown above was designed, pre-assem- MAINTENANCE AND SIMILAR PROJECTS 
bled and tested in the Southwest shops, then barge 

mounted, and delivered complete in 135 days. Southwest 

does the complete job in building compressor stations 

afloat, on platforms, or on land giving you faster delivery, 

lower installed cost, and undivided responsibility. 

The unattended operation, possible with the automatic SOUTHWEST 
controls and safety devices on Southwest Packaged Com- 


pressor Plants, cuts operating cost per horsepower-hour | he D U ST RI ES IN C 
7 . 





to a fraction of the cost of a fully attended stationary - 


installation. A Southwest engineer can show you actual 
comparative operating costs. 


P ' tice Box 3 Houston 7, Texas 





tractors Name No 


Parker Orig Coof Canada ltd 8 
Pennant Drig Ltd 6 
Regent Drig Co Ltd 1 
Rimbey 

Hi- Tower Drig Co Ltd 10 
Moore Drig Co Ltd l 
Rocky Mountain House 
Arrow Drig Co Canada Ltd 19 
Brinkerhoff Drig Co Ltd 8 
General Pet of Canada Ltd ? 
Loffiand Bros Co C-4 
Regent Drig Co Ltd 7 
S & T Drig Co Ltd 3 
Savannah Creek 

Loffiand Bros Co 

Sedgewick 

Big Horn Drig Ltd 

Simonette River 

Cascade Drig Co Ltd 

Stettier 

Regent Drig Co Ltd 

Steel River 

Ozark Drig Co Ltd 

Sturgeon Lake 
Commonwealth Drig Co Ltd 


General Pet of Canada Ltd 
Parker Drig Co of Canada Ltd 


Sundre 
Brinkerhoff Drig Co Ltd 
General Pet of Canada Ltd 


Hi- Tower Drig Co Ltd 
Loffiand Bros Co 
Sylvan Lake 
Cascade Drig Co Ltd 
Three Hills 

Able Drig Co 
Tomahawk 
Brinkerhoff Drig Co Ltd 
Valleyview 

Peter Bawden Drig Ltd 


Brinkerhoff Drig Co Ltd 
Regent Drig Co Ltd 


Volmer 

Peter Bawden Drig Ltd 
Waterton Park 
Commonwealth Drig Co Ltd 
Westward Ho 
Regent Drig Co Ltd 
Whitecourt 


Pennant Drig Ltd 


Regent Drig Co Ltd 


l 

4 

- 
BRITISH 


Reading & Bates Drig Co Ltd 


Beaver Lodge 
Rio Paimer Oils Ltd 


Dawson Creek 
Gustavson Drig Co Ltd 
Trimty Canadian Drig Co 


Fort Nelson 
Able Drig Co 


B-72 


gas-gaso 


ds! 
ds! 
gas- gasc 


Total HP 
All Main Drawworks 


Mud 


Pumps 


400 


260 


50 


Total HP 
Avail Rated 

able to Depth with 
Drwwks 4%” Pipe 


Make and 
Model 


6,500 
9,500 
6,000 


Nat! 50 
Brwstr N-7 
Brwstr N-4 


12,000 
10,000 


Oilwell 76 
Unit U-40 


7,000 
15,000 


Emsco GB-350 
Nati 125 


Nati 125 
Nati 55 


Crdwil S 350 


Nat! 808 


Ideco H-40 


Cardwell E 


Ideco 700 


Oilwell 76 
Nati 75 
Oilwell 76 


Emsco GC-500 


Oilwell 76 


Wisn Roadair 


Failing 1500 


Emsco GC-500 


Nati 55 
Emsco GB-500 
Brwstr N-75 


Crdwi! RL 


Nat! 110 


Brwstr N-75 


Unit U-15 
Crdwii 0 
Brwstr N-75 


COLUMBIA PROVINCE 


gas-ds! 


800 


Nat! 100 12,000 


Nat! 80-8 10,000 


Natl 1-32 

Emsco 350 670 
Nati 80-8 990 
Emsco 800 990 
Emsco GC-500 720 


Failing 1500 








Total HP 

Avail Rated 
able to Depth with 
Drwwks 4%" Pipe 





Total HP 
All Main Drawworks 
Mud Make and 
Contractor's Name 


Ft. St. John 


Commonwealth Drig Co Ltd 
Dallas Drig Co Ltd 


deco 7-11 
Emsco GB-500 
Emsco GB-500 
Emsco GB-350 
Emsco GB-250 
Emsco GA-350 
Emsco G-36 
Oilwell 52-T 
Nat! 55 
Crdwil 0 
Brwstr N-7 


900 
500 
500 
520 
320 
Devon Drig Co Ltd 350 
Ozark Drig Co Ltd 

Parker Drig Co of Canada Ltd 


Pennant Drig Ltd 
Regent Drig Co Ltd 


Normandville 
Commonwealth Drig Co Ltd 15 dsl 800 8 Brwstr N-7 


MANITOBA PROVINCE 

Virden 
Peter Bawden Drig Ltd ds! 
Commomwealth Drig Co Ltd ds! 
Coultis Drig Ltd ds! 
Moore Drig Co Ltd ds! 320 
ds! 330 


220 «= Crdwil RL 


Cardwell RL 
Wisn Mogul 
Brwstr N-4 
Franks 4000 
Waskada 
Owen Drig Co 5 dsl 350 
NORTHWEST TERRITORIES PROVINCE 
General Pet of Canada Ltd F-55 dsl 


SASKATCHEWAN PROVINCE 


Cardwell 


Alida 
Commonwealth Drig Co Ltd 


Beechy 
Commonwealth Drig Co Ltd “4 


24 dsl 520 Nati 50 


Ideco H-40 300 
Carievale 

General Pet of Canada Ltd 
Choiceland 

J W MacKenzie Drig Ltd ds! 


Cudworth 
Commonwealth Drig Co Ltd ds! 


Brwstr N-4 


Emsco GB-250 310 


Douglaston 


Commonwealth Drig Co Ltd dsi Ideco M-750 600 


Estevan 

Kenyon's Drig & Serv Ltd ds! 

Regent Drig Co Ltd gas-gaso 
gas-gaso 
gas-gaso 
gas-gaso 
gas-gaso 

Tri-Province Drig Co Ltd ds! 


Gerald 
Rio Palmer Oils Ltd 


Frnks Comet 658 
Brwstr N-4 
Brwstr N-4 
Brwstr N-4 
Brwstr N-4 
Brwstr N-4 
Ideco 7-11 


Nati T-12 


Ingoldsby 

Peter Bawden Drig Ltd Crdwil S 
Lake Lenore 
Commonwealth Drig Co Ltd Crdwil RL 
Lampman 

General Pet of Canada Ltd 
Midale 

Commonwealth Drig Co Ltd 
Minton 

Loffiland Bros Co 


Emsco GB-350 


Nottingham 
Commonwealth Drig Co Ltd 
Oxbow 

Commonweaith Drig Co Ltd 
Radville 

Regent Drig Co Ltd 
Ralph 

Central Leduc Drig Co Ltd ds! 


Nati T-32 


Unit U-34D 5,500 


gas-gaso Brwstr N-75 10,000 


Crdwil TR 66 5,000 
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24 HOURS A DAY... 


YOUR BAROID ENGINEER IS AS 
ot Mo }—j =a — ee £0) 6) LO), | = 














these Baroid originals 


stacked 
in your 
favor 


... f0F economy 


For a trouble-free mud program, 
use Baroid’s drilling mud chemicals 
...field tested for years in your 
own area. 


MAN-TAN — saves you money — specifi- 
cally developed to cut your tannin thinner 
costs as much as 35%. Low-cost Man-Tan 
has proved to be a satisfactory replacement 
for quebracho. 

CARBONOX — Baroid’s fast-selling mud 
thinner and emulsifier used in treating and 
emulsifying normal pH, high pH or high 
pH lime muds. An exclusive Baroid de- 
velopment, unusually resistant to salt water 
contamination; exceptionally efficient at 
high bottom-hole temperatures. 


Call your Baroid engineer for best results 
on your wells. 


: 

As 
BAROID DIVISION NATIONAL LEAD CO. 
Main Office: P. O. Box 1675, Houston 1, Texas 





Contractor's Name 
Rosetown 
Hunter Drig Ltd 


Saskatoon 
J W MacKenzie Drig Lid 


Rio Palmer Oils Ltd 


Steelman 
Double-A Drig Co Ltd 


General Pet of Canada Ltd 
Hunter Drig Ltd 


Canadian Contract CABLE TOOL 


Contractor's Name 


Calgary 
Anderberg & Sons Drig Ltd 


Norfolk 
Patterson & Culver 


Total HP Total HP 

All Main Drawworks Aveail- Rated 
Type Mud Make and ableto Depth with 
Power Pumps Model Drwwks 4%" Pipe 


Contractor's Name 





ds! Crdwil 260 


Fasting 2500 
Unit U-34 
Nati T-20 


ideco H-30 
Ideco H-40 


Cardwell 


Top to Workover 
HP of Bottom and 
Driving Drig Cleanout Rig Make 
Engine Cap. Depth Cap. and Model 


Type 
Power 


ALBERTA PROVINCE 
1 gaso 45 1200 
ONTARIO PROVINCE 


1 gas 80 2500 3500 =—«#B Erie 28-1 


6,000 


4,000 


2,500 | 


Rio Paimer Oils Ltd 
Signal Exploration Inc 


Torquay 

Rio Palmer Oils Ltd 
Verio 

General Pet of Canada (td 


Viceroy 


Central Leduc Drig Co Ltd 
Rio Paimer Oils Ltd 


Contractor's Name 


Haldimand 
Patterson & Culver 


Rig 
No 


Power 


Total HP 

Avail Rated 
able to Depth with 
Drwwks 44° 


Total HP 

All Main Drawworks 
Mud Make and 
Pumps Model 


Type 


Nati T-32 
Unit U-15 
Unit U-36-A 
Unit U-36-A 


520 
$50 
500 
500 


375 


350 
350 


650 Nati T-55 


Nati 50 
Nati T-32 


Drilling Rigs 


Top to Workover 

Bottom and 
Drig Cleanout 
Cap. Depth Cap 


HP of 
Driving 
Engine 


Rig Make 
and Model 


60 2500 
60 1000 


SOME CONTRACT RIGS IN FOREIGN SERVICE 


Contractor's Name 
CUBA 
C J Simpson Drig Cc 


HAITI 
Isle of Gonave 


Harkins & Co 


ISRAEL 
Pontiac Drig Co of Tex 


ITALY 


Compagmia Industrie Metan 
fere E Affini (Rome, Italy) 


MEXICO 
Del Mar Drig Cc 


NORTH AFRICA 
Libya 
Delta Drig Co 


Although no effort was made to obtain location and specifications of 


drilling rigs located outside the U. S. and Canada, several drilling 


contractors did send this information. Those rigs are included below. 


Total HP Total HP 

All Main Drawworks Avail- Rated 
Type Mud Make and ableto Depth with 
Power Pumps Model Drwwks 4%" Pipe 


Rig 
No 


320 
900 
700 


7,000/3% * 
14,000 
8,500 


Nati T-32 
Unit U-40 
Emsco D-450 


dsi-gas 
dsi-gas 
dsi-gas 


Wisn Giant 


Unit U-15 


Ansaido 2000 
ideco H-30 


Nati 75 
Nat! 50 
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Contractor's Name 
PAKISTAN 
Southeastern Drig Co 
SICILY 
Delta Drig Co 
TRINIDAD 
Southeastern Drig Co 
VENEZUELA 


Perforaciones Delta, C A 
(Caracas, Venezuela) 


Perforaciones Guarico, CA 
(Caracas, Venezuela) 


gas-bine 


ds! 
ds! 
ds! 
ds! 
ds! 


ds! 
ds! 
ds! 


Total HP 

Avail Rated 
able to Depth with 
Drwwks 4%" Pipe 


Total HP 

All Main Drawworks 
Mud Make and 
Pumps Model 


Orlwell 96 1600 


bine Emsco GB-500 750 


Orlwell 96 


Créwit 0 

Nati T-12 
Emsco 6-500 
Emsco GB. 800 
Emsco J-1250 
Emsco J-1250 


Ideco H-40-D 
Ideco H-40-D 
Failing 2066 

ideco H-40-D 
Emsco UBLS 
Ideco H-40-D 
ideco H-30-D 








Unhappy experience in some of the earlier water-flood 

projects has demonstrated that the injection water itself may 
be the very thing which defeats the project . . .because it can carry 
into the formation the precipitants, algae and bacteria which have 
been established as major causes of formation-plugging. 

But, today, many of the advanced water-flood projects now in 
operation have no trouble at all from this source. They have 
installed modern diatomite filtration systems and, using Dicalite 
filteraids, are filtering out completely the microscopic water-borne 
solids which could slow or halt the water drive. That’s because 
Dicalite filtration is so “sharp” that it traps unwanted solids even 
down in the sub-micron size range: up to 95% of all bacteria can 
be removed by Dicalite filtration. 

Diatomite filtration systems take up little room — about 1/5 that 
required for the older, less-efficient sand filters — and their installa- 
tion costs are comparatively low. In addition, diatomite filter sys- 
tems can be moved to another location when and if desired; in fact, 
some of the newer systems are completely unitized for easy hauling. 

If you'd like your water-flood project to continue at its designed 
input pressure, instead of watching pump pressures continue to 
climb, day by day—if you'd like to free your mind of at least one 
problem in a re-pressuring project — investigate the advantages of 
Dicalite filtration as used and proved by other operators. A new 
Dicalite Bulletin, now in preparation, covers the subject in detail 
... Send in your name and we'll send you your copy as soon as 
it’s printed. vice SS 


a 


icalite 


DIATOMACEQUS MATERIALS 


—) 


GREAT LAKES 





Tekoil Buys Interest In 
Eight West Texas Wells 

Tekoil Corporation has purchased 
an interest in eight oil and gas wells in 
Old Glory field, Stonewall County, 
Texas, from Caraway & Key, Dallas 
oil operators, for an undisclosed 
amount. 

The purchase increases Tekoil’s pri- 
mary reserves by 139,000 bbl and its 
secondary reserves by 315,000 bbl, 
W. H. Davison, Tekoil president, has 
estimated. 

The company’s total reserves are 
now approximately 15,000,000 bbl. 

Old Glory field, operated by Skelly 
Oil Company, is now being unitized in 
preparation for a waterflood project. 

Tekoil Corporation, an oil and gas 
engineering and producing firm spe- 
cailizing in secondary recovery, has 
executive offices in the Mercantile Na- 
tional Bank Building, Dallas, home of- 
fices in Robinson, Illinois, and engi- 
neering offices in Oklahoma City and 
Midland. 


1959 Tulsa Oil Show 
Will Honor Pioneers 

Committees to work out an appro- 
priate tie-in celebration with the one 
hundredth anniversary of the Drake 
well will be soon appointed by the 
International Petroleum Exposition, at 
Tulsa, Oklahoma, according to Wil- 
liam B. Way, general manager. 

The next Tulsa exposition has been 
definitely set for May, 1959, so as to 
coincide with the one hundredth anni- 
versary of the first oil well drilled in 
the United States, he said. 

Way explained that special honor 
will be paid to the men who pioneered 
the industry; to the equipment manu- 
facturers and supply companies which 
produced and sold the equipment 
needed for drilling; and to the pioneer 
oil companies. 

“The Hall of Science will show the 
progress in equipment and methods of 
producing oil over the past century,” 
he continued. 

“Representatives of the aprpoxi- 
mately 50 countries outside the United 
States, who usually attend the Tulsa 
oil show, will be invited to share in the 
celebration.” 

“The committees are being ap- 
pointed early so that plenty of time will 
be available for planning the type of 
celebration the oil industry is entitled 
to receive.” 

Way also said that exhibi‘ors are 
being asked to make an advanced pay- 
ment on their exhibit space in the 
1959 show to aid the exposition man- 
agement in maintaining the million 
dollar plant during the interim between 
shows. 
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Note the Single hydraulic piston by 
which each ram is actuated. Not only 
is this piston directly behind the ram for 
moximum operating efficiency, but one- 
piston-per-ram means: 
a. Fewer and simpler operating parts. 
b. Fewer hydraulic seals to maintain. 
c. Simpler monifolding of hydraulic 
lines. 
d. Easier servicing when necessary. 
e. More-favorable ratio of piston area 
to piston circumferential seal — 
therefore less internal friction plus 
increased efficiency. 


Note how the patented doors through 
which the roms ore serviced open 
along the side of the gate where there is 


plenty of room. 


FRONT VIEW 


There is no need to expand critical 
end dimensions of the yote for serv- 
icing the roms— nor is it necessary 
to allow extra space above the gate. 
Since end and height dimensions ore 
the most critical ones in governing 
cellar requirements, Shaffer's basic 
advantages here are of paramount 
importance! 


Note how all manifold connections are 

compactly unitized on one side of the 
gate. Connections ore quick and easy to 
make — equally easy to service. 


Note the sturdy integral ribs upon 

which the gate “slides” for easy lood- 
ing, unloading and storage. This feature 
also protects against damage to studs, 
lines and other parts. 


No matter how you look ot Shaffer Gates —from the front, top 
or ends — you'll find them unsurpassed in basic engineering 
advancements. Let your nearest Shaffer representative give you 
the complete story. Or write direct! 





re 


Jet Bit ig He, De, Mato Shan Drilling 





the lead of successful oil well drillers every- Operation and maintenance are simple and easy. 
whe qupend on EMSCO Slush Pumps for _ There are no adjustments to be made — no greasing 
. low cost operation and minimum to be done —lubrication is completely automatic. 
r You cam detect and correct liner packer leakage 

before damage is done because of EMSCO’s 

es and exclusive “exposed” liner design. 





SLUSH PUMPS 


deliver more horsepower per pound 
with greater economy 


Built to stand up for long 
service under tough conditions 
with low upkeep! 


Here is Why: 


Precision-Built Herringbone Gears 


Wide-faced, forged steel, heat-treated herringbone gears 
provide quiet and efficient speed reduction. Ring gear is 
bolted to eccentric hub, thus permitting economical re- 
placement. Pinion and pinion shaft are forged as one 
piece from heat treated alloy steel. 





Cast Steel Fluid End 

The 8-pot fluid end is composed of steel castings, electri- 
cally welded into a single unit. Each valve is located in a 
separate pot or valve chamber. 


Heavy Duty Power End Frame 


Fabriform construction originated by Emsco utilizes steel 
plates and shapes in place of bulky, heavy iron castings 
and provides a rigid and lightweight frame. 


Positive, Automatic Lubrication 


No greasing or adjustments are necessary. Lubrication is 
completely automatic. 


Patented “Exposed” Liner Design 


The Emsco patented “exposed” liner construction elim- 
inates all fluid end “washouts” caused by liner packing 
failures. Liners are packed at both ends and are com- 
pletely exposed to view. 


Distributors 
Bovaird Supply Company, Tulsa, Oklahoma 
. 
Mid-Continent Supply Company, Fort Worth, Texas 


Export Distributor: Mid-Continent Supply Co., Inc. 
45 Rockefeller Plaza, New York 20, N.Y. 





P 353.112 
Peart 1 





Data increase accuracy of quantitative log interpretation; 
aid in locating casing leaks and identifying formation age 


Electrical Resistivities 
of Oil Field Brines 


In South Arkansas 





and North Louisiana 


Murphy E. Hawkins' and J. L. Moore’ 


Resistivit Y of formation water is 
essential for the fullest utilization of 
the electric log. Information presented 
eliminates the need of estimating for- 
mation-water resistivity and should re- 
sult in increased accuracy of quantita- 
tive log interpretation. Water-resistiv- 
ity data also are useful for determining 
casing leaks in wells and for identifying 
the geological age of formations. 

Resistivities of formation waters 
from 7 oil-producing counties in South 
Arkansas and 21 parishes in North 
Louisiana are included in this report 
(see Fig. 1). Locations of oil fields 
from which water samples were ob- 
tained are shown on an index map of 
each county or parish. Average water 
resistivities, tabulated by counties and 
parishes, fields, and producing forma- 
tions, are shown in tables. These tables 
also give the sub-formation producing 
intervals, if known, and the average 
depths or range in depths of the forma- 
tions. 

Water resistivities presented here 
were either measured with a portable 
resistivity meter or calculated from 
mineral analyses. 





Definition of Water Resistivity 
Resistivity of water is defined as the 
property of water that restricts the flow 
FIG. 1. Areas of South Arkansas and North Louisiana included in this of an electric current. The unit gen- 
special Bureau of Mines study. erally used in electric log practice to 
express water resistivity is the ohm- 
Sd meter (ohm-m). This unit expresses 


ANS 


t = 
Scact wists 


1. Petroleum engineer, U. S. Bureau of Mines, 
Dallas, Texas. 

2. Petroleum engineer, formerly with the 
U. S. Bureau of Mines, Dallas 
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THE LARGEST RIG IN THE WORLD 


DESIGNED FOR BARGE OR LAND DRILLING 
MANY NEW EXCLUSIVE WILSON FEATURES wer ee 


Se SUPER TITAN “GE wi 


INVESTIGATE SUCH FEATURES AS: 
WICHITA FALLS, TEXAS 


48 Inch, 2 Plate Air-Tube Clutch on Low Drum Drive U.S.A 


48 Inch, 1 Plate Air-Tube Clutch on High Drum Drive 
Chains in Oil Bath Cases, Outside the Frame The Home of 
Air Power-Operated Brakes, with Equalizer Beam in Front — RED IR 0 
Single Nut Adjustment—a Brake That Can NOT Kick! 
Three Speed Forward and Reverse, All Air-Tube Friction 
. and Many Others 





BE MODERN 


WRITE FOR 
BUY WILSON 
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the resistance, in ohms, of | cubic 
meter of water to the flow of a uniform 
electric current parallel to one side of 
the cube. Water resistivity may also be 
expressed in ohm-meters squared per 
meter (ohm-m?/m), or in ohm-centi- 
meters (ohm-cm). 

In electrolytic conductors, such as 
formation waters, the resistivity de- 
creases with increase in temperature, 
as shown by the curves in Fig. 2. All 
water resistivities in this report have 
been adjusted to 75 F for correlative 
purposes. Before these resistivities are 
used in electric log interpretations, they 
must be adjusted to the appropriate for- 
mation temperature by referring to the 
curves in Fig. 2. 


Methods of Determining 
Resistivity 

Direct measurement. The most ac- 
curate method of finding the resistivity 
of water is by direct measurement of 
samples with a resistivity meter. All 
water samples collected for this study 
were measured with a resistivity meter 
(Schlumberger electronic portable mud 
tester, type EMT-A), and the resistivi- 
ties obtained were adjusted to 75 F by 
using the curves in Fig. 2. 


Calculating from mineral analyses. 
Several methods have been devised for 
calculating the resistivity of water from 
water mineral analyses. A method de- 
veloped by Dunlap and Hawthorne’ 
was used in making the calculated re- 
sistivities included in this report. This 
method is based on factors that permit 
conversion of the various ionic concen- 
trations, as determined by water analy- 
sis, to equivalent concentrations of 
sodium chloride (NaC1). The sum of 
equivalent concentrations gives the 
equivalent sodium chloride concentra- 
tion of the Witer. Using this concentra- 
tion, resistivity of water at desired tem- 
perature can be read directly from the 
curves in Fig. 2. 

Conversion factors and a sample cal- 
culation of a water resistivity determi- 
nation from a water analysis follow: 


Concentration 


Ionic constituent Pp. p. 


Sodium, Na, 


Sulphate, SO, 
Chloride, Cl 
Carbonate, CO, 
Bicarbonate, HCO, 


Total 


Measured resistivity at 75 F 


Close agreement was obtained be- 
tween the calculated and measured re- 
sistivities on the same water samples. 


B-82 


"48, 
Caleium, Ca 10, 
Magnesium, Mg. l, 


96, 


m. 


570 
345 
228 
550 
274 

0 
154 


8 
g 


CONCENTRATION OF SODIUM CHLORIDE, PARTS PER MILLION 
3 


005 0.04 065 O06 


oss Gl o2 


RESISTIVITY, OHM-METER 


FIG. 2. Resistivity-temperature relations to concentration of sodium 


chloride solutions. 


Also, reasonably close agreement was 
obtained between the calculated and 
the measured resistivities of separate 
water samples collected at different 
times from the same productive for- 
mations. 

It should be noted that the resistivity 
of some formation waters cannot be 
calculated from the mineral analysis by 
this method, Because sodium chloride 
equivalents calculated from a water 
analysis having a large concentration 
of salts may yield a hypothetical super- 
saturated solution of sodium chloride, 
the resistivity cannot be read from the 
curves in Fig. 2. For example, in the 
area covered by this report, waters pro- 
duced from some Smackover reservoirs 
have ionic concentrations of salts ( 300,- 
000 to 400,000 ppm total solids) that 
are too high to permit such calcula- 
tions. 


Estimating resistivity from logs. The 
self-potential curve of the electric log 


Equivalent 
concentration 
of NaCl, 
p. p. m. 

48,570 
+95 9,828 
2.00 2,456 

50 275 
1.00 96,274 
1.26 0 


27 42 


Conversion 
factor 


1.00 


157,445 


~ Calculated resistivity (using Fig. 2) at 75 F = 0.054 ohm-meter. 


= 0.059 ohm-meter. 


may be used quantitatively to estimate 
the resistivity of formation water. 
Wylie? states that the deflection of the 


self-potential curve from the shale base- 
line is primarily of an electrochemical 
nature. This relationship is expressed 
mathematically as follows: 


SP = K log,, Rm, 
Rw 


= magnitude of deflection of 
self-potential curve from the 
shale baseline on the electric 
log, in millivolts; 

= correction factor ranging from 
-70 to -90 for clean sands, 
but as low as —SO for shaly 
sands, and to —110 for lime- 
stones; 
mud-filtrate resistivity, ohm- 
meters at formation tempera- 
ture (mud resistivity may be 
used if mud-filtrate resistivity 
is not known); 
formation water resistivity, 
ohm-meters at formation tem- 
perature. 


Several features inherent in this re- 
lationship make unlimited use of the 
equation dubious as to results. How- 
ever, if the various parameters can be 
ascertained, a reasonable water resis- 
tivity (Rw) can be estimated by rear- 
ranging and solving the equation. 


Reliability of data. Reliability of 
water samples can be determined best 
by one who is familiar with the charac- 
teristics of the formation waters in the 
area under study. The usual contami- 
nants are condensed water, waters from 
casing and cement leaks, drilling mud, 
and drilling-mud filtrate. 
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How can diamonds 
save YOU money? 


DRILLING & SERVICE, INC., has long Jem 
been the standard of the industry in dia- YJ 

mond coring and drilling bits. Custom- 4 

fitted for every job, D&S diamond drill- 

ing and core bits are helping operators 

the world over to make hole faster, 

recover cores in softest or hardest strata, get cleaner 
holes and above all do the job with much less time . . . 
and much less cost. 


Examples: 


South Louisiana Rig: $60 a foot saved .. . consid- 
ering overall costs. Miocene Formation. 


Oklahoma Rig: $12 a foot saved in Bromide 
Formation. 


EVERY JOB IS DIFFERENT... hence a Drilling & 
Service engineer-sales representative should confer 
with you regarding your project to determine your 
diamond needs. Formation, equipment, depth, and CORING BITS WASHOVER SHOES 
; : Fast penctration. Fast ‘‘Fish 

operating techniques are all carefully analysed. These full core recovery. recovery 

factors determine the exact bit required. Truco’s 
custom-diamond-bit research and manufacture are 
your guarantees of fastest penetration with maximum 
efficiency. Time and money saved on every job 
amounts to an extraordinary total! 
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os |L 


TRUCO DRILLING BITS CORE BARRELS 
More footage -— The standord 


DIAMOND with less rig time j of the industry 








INC. DIAMOND DRILLING EQUIPMENT 


6210 NORTH CENTRAL EXPRESSWAY | DALLAS, TEXAS 
OFFICES IN ALL PRINCIPAL OIL AREAS 


Ultra Fine Diamond Equipment for the Oilfield 
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The first wearing surface is a corrosion and 
abrasion-resistant hard chrome plate that lasts as 
long or longer than a regular rod, and much longer 
under corrosive conditions. 


The second wearing surface is the famous Mission 
File Hard Case that gives an additional long 
period of wear. 
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SLUSH PUMP VALVES + PISTONS * VALVE SEAT PULLERS + LINERS + PLUG VALVES 





Mission "Super-Chrome" 
Piston Rods last at least twice 





as long as regular rods because 





they have two wearing surfaces. 





By giving more than double 





wear at considerably less than 





double cost, Mission "Super-Chrome" 
Piston Rods definitely reduce 
slush pump operating costs. 
Be sure to specify Mission 
"Super-Chrome" the next time 
you order Piston Rods from 
your supply store. 


Wing bit the fisest will har ite name of MES S10 Ns 


MISSION MANUFACTURING CO. « P.O. Box 4209 * Houston, Texas 
Cable Address—“Missco” *« Export Office: 30 Rockefeller Plaza, New York 





In The United Kingdom: MISSION MANUFACTURING CO., LTD. 
17 Hanover Square * London, WJ. England * Cable Address—“Missoman” 


PISTON RODS + VALVE SPRINGS + GLAND PACKINGS «+ SLIPS + SWABS + CENTRIFUGAL PUMPS 








WILSON SNYDER 
BI6-P 


These Two Newest Wilson-Snyder Pumps Give 
You The Needed Velocity For Jet Drilling. 


YES — you can balance out the horsepower on your big rigs with one of these 
outstanding Pumps 


— Tapered, Timken Adjustable Roller Bearings for long Bearing life. 
— Easy access to working parts for inspection and adjustment. 
— Double extended shaft and helica! cut gears. 
— Direct flow suction. 
— Light weight. 
Conservatively Rated Conservatively Rated 
925 HP Contact Your Nearest Wilson Supply Store 700 HP 
or Write P. 0. Drawer 19, Houston, Texas 


Branch Stores eS Branch Offices 


TEXAS: Alice, Corpus Christi, Victoria, McAllen, Bay City, ' DALLAS SHREVEPORT SAN ANTONIO 
Columbus, Barbers Hill, Liberty, Beaumont, Kilgore, Sher- 
man, Odessa. LOUISIANA: Lake Charles, New Iberia, 
Houma, Harvey, Shreveport. CORPUS CHRISTI MIDLAND 


NEW ORLEANS LAKE CHARLES 
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DATA 


Mud resistivity. _ _ 0.9 ohm at formation temperature 


inches 


130° F. 


Bit size 
Formation temp. 
Spacings 
AM_ — — —~/6 inches 
AM _ _ _ _ 63 inches 
OA. —___~ 24 feet 


SELF- POTENTIAL 
millivolts 


- 4+ 








FIG. 3. Electric log from the Pine Island formation (Hogg 
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sandstone), Wesson field, Ouachita County, Arkansas. 


FIG. 4. Generalized geological column 


of South Arkansas and North Louisiana. 


Each resistivity obtained for this re- 
port was compared with resistivities of 
other water samples produced from the 
same formation within each field or 
local area. All doubtful resistivities 
were omitted from the average water 
resistivity shown in the tables. Water 
samples were collected from wellheads 
and separators when possible. Most 
samples from drillstem tests were 
omitted, because of possible contami- 
nation by drilling muds. No samples 
were obtained from gas and gas-con- 
densate fields because of the likelihood 
of contamination by condensed water 
that is carried up the hole as vapor with 
the gas. Resistivity data from wells with 
gas-oil ratios of 5000 to 1 and above 
were either eliminated or checked by 
correlations with data from normal 
gas-oil ratio wells that produce from 
the same reservoir or formation within 
a local area. 

In some fields, data indicete that the 
mineral content of the formation water 
varies within reservoirs; however, the 
average resistivity of representative 
samples is considered to be within the 
limits of accuracy required for electric 
log interpretations. 


Application in Electric 
Log Interpretations 

It is beyond the intent of this report 
to present a treatise on electric log in- 
terpretation. However, to illustrate the 
use of ‘crmation-water resistivity in 
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quantitative analyses of electric logs, 
formation porosity and interstitial 
water saturation are estimated from the 
electric log of an oil well. 

Basic equations presented by Archie* 
for quantitative analysis of electric logs 
express the average value of porosity as 


follows: 
m j 
P= \ FE 


(1) 


porosity expressed as a deci- 
mal fraction; 


cementation factor of the for- 
mation (ranges from approxi- 
mately 1.3 to 2.2); 


F = formation-resistivity factor, a 
complex function of lithology. 


When the formation rock is com- 
pletely saturated with formation water 
the following relationship exists: 


Ro 
P= Rw 
(2) 


= resistivity of formation rock 
when completely saturated 
with formation water, ohm- 
meters at formation tempera- 
ture; 


= formation-water resistivity, 
ohm-meters at formation tem- 
perature. 


Combining the two equations, poro- 
sity is expressed as follows: 


_m [Rw 
~ FY Ro 
: (3) 


In formations containing saline water 
with oil and/or gas, true resistivity of 
the formation (R,) will be higher than 
Ro because of the insulating properties 
of petroleum. The relationship between 
water saturation and formation resis- 
tivity is expressed approximately by the 
following formula: 


formation-water saturation, 
expressed as a decimal frac- 
tion; 


water-saturation exponent, de- 
pending upon the lithology of 
the rock. (usually assumed to 
equal 2); 


true resistivity of the forma- 
tion, ohm-meters. 
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FIG. 5. Source of water samples collected in Union County, Arkansas. 








1. Resistivities of water samples, Union County, Arkansas. 


Average \verage 
Average or resistivity, Average or resistivity, 
Map rangein Rw at 75 F, Map rangein Rw at 75 F, 
index Field Formation depth, feet ohm-meter index Field Formation depth, feet ohm-meter 
1 North Mt Holly Hosston 4445 0.062 14 Catesville Cotton Valley 6600-7600 045 
2 Bear Creci Hoaston 3930 069 14 Catesville Smackover 7700 Od 
Bear Creek Smackover 6340 045 5 Hibank Ozan (Meakin 2500 087 
Mt. Holly Smackover 6900-7220 045 5 Hibank Ozan (Graves 
Schuler Tuscaloosa 3100 090 Hibank Tuscaloosa 3050 
Schuler Schuler (Morgan 5800 050 Woodley Nacatoch 2150 
Schuler Bossier (Jones) 7550 043 Hibank South Pine Island (Hogg 3200 
Schuler Smackover 7630 042 Hibank South Hosston 3440-3515 
Tubal Cotton Valley 045 Hillsboro Nacatoch 2220 
East Schuler Sligo (Pettet) 3925 064 Hillsboro (South) Glen Rose 3825 
East Schuler Schuler (Morgan) 5 053 Lawson Ozan (Meakin 2535 
East Schuler Schuler (Briggs 5415-5 050 Lawson Hosston 2900 
East Schuler Bossier (Jones) 7570-7605 (42 Champagnolie Hosston 3200-3300 
Cairo Smackover 7870 042 Wilmington Ozan (Graves 2700 
Lisbon Nacatoch 2050 136 22 Pigeon Hill Cotton Valley 4285-4300 
Smackover Nacatoch 1925-2150 25 $ North New London Cotton Valley 4300 
Smackover Ozan (Graves) 2340-2500 O99 $} North New London Smackover 6045-6060 
Smackover Brownstown (Blossom 2600 097 24 Sandy Bend North Naeatoch 2300-2400 
Smackover Hosston 3100 086 5 Urbana Nacatoch 2250-2300 
Calion Brownstown (Blossom 2600 096 Urbana Ozan (Meakin 2550 
East El Dorado Nacatoch 108 25 Urbana Ozan (Graves 26% 
East E] Dorado Ozan (Meakin) 25! UYS 5 Urbana Hoaston (Crain 3000 
East El Dorado Ozan (Graves) 5 096 5 Urbana Hosston (Gregory 3200 
East E] Dorado Brownstown (Blossom R UOS 25 Urbans Hoaston (Urbana 3550 
East El Dorado Tokio ‘ “ - 091 2 Sandy Bend Nacatoch 2250-2300 
East El Dorado Sligo (Salisbury 298 ORS ma eB 
East El Dorado Hosston ' ‘ . 087 Sandy Bend Oran (Meakin mixed 
Nick Spring Ozan (Meakin 2480-2 091 Sandy Bend Hoaston 3225 
Nick Spring Hosston 071 7 New London Cotton Valley 4440) 
South FE) Dorado Nacatoch 226; 134 New London Cotton Valley (Walton 5700 
Catesville Cotton Valley 6 049 Salem Church Hoaston 4300 
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FOR SECONDARY 


RECOVERY WATER 


:- REDA lowers costs and 
- INCREASES PROFITS! 


HERE'S HOW: 


@ Large water volume ob- 
tained from smaller size 
well casings reducing 
number of supply wells 
necessary 
Flexibility of Reda Pumps 
in meeting changing 
water requirements com- 
mon to most waterflood- 
ing projects 
Easier, less expensive 
installation and lower 
maintenance costs 
Low operating costs and 
long operating life of 
Reda equipment 
Corrosion resistance of 
Reda pumps is superior 
to any other pumping 
unit used in supply wells 


Reda Submergible Pumps 
are a major factor in the 
success of waterflooding and 
pressure maintenance oper- 
ations. They are being used 
in major floods with very 
successful results of in- 
creased production and 
lowered costs. 


Write for complete informa- 
tion today! Reda engineers 


will be pleased to call and | 


assist in planning operations. 


PUMP COMPANY 
BARTLESVILLE, OKLA. 


From the electric log section in Fig. 
3, the true resistivity (R,) of the for- 
mation under investigation was de- 
termined to be 35 ohm-meters. This 
value was obtained from deflection of 
the 63-in. normal resistivity curve 
without correction by departure curves. 
The 63-in. normal curve should give 
the approximate value of R, for this 
bed thickness when mud invasion has 
not been excessive. A formation-resis- 


OUACHITA 


CAMOEN 


| BUENA VISTA 
°o 


tivity vatue (Ro) of 0.5 ohm-meter was 
obtained from a log of a nearby well 
that was downdip in the water zone. 
The formation-water resistjvity (Rw) 
selected from Table 2 equals 0.084 
ohm-meter at 75 F. Adjusting this 
value to a formation temperature of 
130 F, using curves in Fig. 2, Rw equals 
0.049 ohm-meter. The formation-re- 
sistivity factor (F), calculated from 
equation (2), equals 10.2. Finally, the 
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FIG. 6. Source of water samples collected in Ouachita and Calhoun coun- 


ties, Arkansas. 


\ MORO BAY | 
° \ 
= 





~— —_____ To. 


TABLE 2. Resistivities of water samples, Ouachita and Calhoun Counties, Arkansas. 


Map 
index 


Formation 


Average 
resistivity, 
Rw at 75 F, 
ohm-meter 


Average or 
range in 
depth, feet 


Ouachita County, Arkansas 


Nacatoch 


Tokio 


Glen Rose 
Hosston 
Nacatoch 


Tokio 
Rodessa (Hill) 


Hoaston 
Tokio 
Rodessa 
Nacatoch 


Tokio 

James (James) 
Glen Rose 
Hosston 

Ozan (Meakin 
Ozan (Graves) 
Nacatoch 
Ozan (Graves) 


East Pace City 
Smackover 
Smackover 
Smackover 
Smackover 


SNEED DS OF OOF ee ee om em CO OO SD PO PO 80 PS 8 ee ee ee 


Hosston 


Ozan (Buckrange) 
Brownstown (Blossom ) 


Rodessa (James) 
Pine Island (Hogg) 


Ozan (Buckrange) 
Brownstown (Blossom) 


Rodessa (Wesson) 
Pine Island (Hogg) 


) 


Brownstown (Bloasom ) 


1500 0.177 

2100 145 
2200. 148 
2500 155 
3000-3100 O85 
3200 083 
3300-3400 078 
3350-3400 074 
1500 177 

2100 145 

2200 148 

2325 154 
2600 124 

2700 110 

3100 Os4 
3500-3600 093 
2495 127 

‘ 116 

166 


Brownstown (Blossom ) 232! 118 


114 

100 

102 

092 

116 

lll 

1925-2150 125 
2340-2500 099 
2600 097 
3100 086 


Calhoun County, Arkansas 


Locust Bayou 
Hampton 


Ozan (Meakin) 
Ozan (Meakin) 
Ozan (Meakin) 


2000 117 
2525 095 
2575 098 
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cementation factor (m). and the water- 
saturation exponent (n) both were as- 
sumed to equal 2.0. 

By substituting the proper values 
in equations (3) and (4), porosity and 
water saturation are estimated as 
follows: 

/.049 
V5 
x 100 =31.0 per cent; and 
'(.049) (10.2) 

35 
x 100 = 12.0 per cent. 

A core analysis from this well shows 
that the formation has an average poro- 
sity of 32.4 per cent. Connate water 
saturations for the reservoir, deter- 
mined by the restored-state method, 
range from 10 to 15 per cent of the 
pore space. 


Index Maps and Tables 
Index maps of counties and parishes 
(Fig. 5 through 17) show the geo- 


Porosity = 


Water saturation — 
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graphical locations of the oil fields 
from which water samples were ob- 
tained for this report. Index numbers 
on the maps refer to the general loca- 
tions of the fields and not to the exact 
locations within the fields where the 
samples were obtained. For example, 
in some fields the same index number 
refers to water samples from several 
different productive formations. The 
average resistivity value for each pro- 
ductive formation corresponding to the 
index number is given in Tables 1 to 
13. These tables also give the name of 
the field, formation, sub-producing 
zone, if known, and average depth or 
range in depth to the formation from 
which water was sampled. 
Commercial production of petro- 
leum in South Arkansas and North 
Louisiana is from formations of the 
Tertiary, Cretaceous, and Jurassic sys- 
tems. A generalized geologic column of 
the formation in the area, adapted from 
Fancher and Mackay* and the Shreve- 


port Geological Society,’ is shown in 


Fig. 4. 


Summary 

This report includes water-resistivity 
data from the major oil-productive for- 
mations in South Arkansas and North 
Louisiana. Reasonably reliable water 
resistivities for formations in fields and 
wildcat areas not included in the report 
can be estimated by interpolating the 
presented data for nearby fields or 
areas. The information in this report 
also will serve as a correlative back- 
ground for resistivities of samples that 
may be obtained in the future. Slight 
variations in resistivities of different 
formation waters limits use of these 
data for identification of waters or for- 
mations. 

Resistivities of formation waters in 
South Arkansas and North Louisiana 
range from 0.04 ohm-meter to 0.70 
ohm-meter at 75 F. Resistivities gen- 
erally decrease with depth to the for 


TABLE 3. Resistivities of water samples, Nevada and Columbia Counties, 
Arkansas. 


Map 
index 


Formation 


Average 
resistivity 
Rw at 75 F, 
ohm-meter 


Average or 
range in 
depth, feet 


Nevada County, Arkansas 


Nacatoch 
Glen Rose 
Hosston 
Nacatoch 
Tokio 
Rodessa 
Hosston 
Nacatoch 


Tokio 


ee OW WwW te to ty - 


Rodessa (Hill) 
Rodessa (Kilpatrick 2530 


Brownstown (Blossom 


2559-2573 


1200 
24600 
3000 
1230 
2200 
2332-2340 
2600-2665 
1200 
2350-2370 
2630-2650 


Columbia County, Arkansas 


Hosston 
Smackover 


4850 
7225-7250 


OB. NEIL 
SALEM 
CHURCH 


Nacatoch 1500 
Ozan (Buckrange 2100 
Tokio 2500 
James (James) 4000-3 100 
Rodessa (Glen Rose 3300-3400 
Pine Island (Hogg) 3200 
Hosston 3400 
Hoaston 4300 
Sligo (Pettet) 3515 
Sligo (Pettet) 4040 
Hoaston 4400 
Hosston 4800 
Hosston 5100 
Cetton Valley 5800-6800 
Smackover 7385 
Hoaston 5848-5857 
} Cotton Valley 6660-7860 
Dorcheat-Macedonia Smackover 8630-8995 
Smackover 7960-8270 
L. Glen Rose 3690-4000 
Hoaston 4570-5180 
Cotton Valley 5100-5600 
Cotton Valley 6090-6395 
Smackover 7250-7660 
Cotton Valley 7100 
Cotton Valley 7590 
Cotton Valley 8010 
Sligo (Pettet) 5200-5400 
Sligo (Pettet) 5770-5815 
igo (Pettet) 5750-5800 
Tokio 3100 
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FIG. 7. Source of water samples collected 
in Nevada and Columbia counties, Arkansas. 
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mation. However, direct correlation 
with depth is not apparent in any for- 
mation within the area covered by this 
report. Some formation waters have 
lower resistivities than other deeper 
formation waters in the same field. An 
example of this is in the Stephens field 
\ of South Arkansas where water from 
MIL e E be OF MIDWAY iDWwAY | the Buckrange formation has a lower 
piles ” i. . eel resistivity (more saline) than waters 
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10 . the gas. 
SCALE: MILES Although quantitative interpretation 
of electric logs is not considered an 
exact science, availability of reliable 
resistivity data, together with the pre- 
sented equations, wiil permit estima- 
tions of formation porosity and water 


TABLE 4. Resistivities of water samples, Miller and Lafayette Counties, Arkansas. | °#tUTation that are acceptable to most 
. : aac ; a technologists. Best results usually will 


. a be obtained by skilled log analysts who 

Avera r vity, ege . 

Map ais Re at 75% are familiar with the subsurface con- 

index Field Formation depth, feet ohm-meter ditions of the area under investigation. 
Miller County, Arkansas Water-resistivity data presented in this 

Texarkana Smackover 7350-7400 0.043 report should increase the ease and ac- 
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Fouke West Tuscaloosa 3920 079 VII, No. 8, March 1951, p. 17. 
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FIG. 8. Source of water samples collected in Miller and Lafayette coun- 
ties, Arkansas. 
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Hughes Enters Lift More Oil... 
New Rock Bit Field | HARBISON-FISCHER 


Hughes Tool C , Houston, | 
Tem has toon granada ecaxe, =— DO@oable-Pieplacement 
world-wide license agreement between _ 


Hughes Tool Company and Les Estab- | Re oa D Fe uU Pere re 


lissements Neyrpic, S. A., Grenoble, 
France, for the development of special . . 

rock bits for turbo drilling. Negotia- More Fluid With the 
tions have been pending for some time | 

between these two companies. An- : Same Plunger Stroke 
nouncement was made recently by F. 
W. Ayers, senior vice president and 
general manager. 

The contract was executed in Paris 
by Henri Dagallier, director general 
for Neyrpic, and by M. E. Montrose, 
vice president of Hughes Tool Com- 
pany. 

The French company Neyrpic is one 
of the oldest and largest hydraulic en- 
gineering and manufacturing firms in 
the world and has recently developed, 
manufactured and successfully field 
tested turbo-drills in Western Europe. 

It was also learned from Paris that 
the well-known rock bit and tool joint 
licensee of Hughes in Erkelenz, Ger- 
many, Alfred Wirth and Company, had 
been granted an exclusive license per- 
taining to the manufacture, rental, and 
servicing of the Neyrpic turbo-drill in 
Germany, and under special arrange- 
ments the right to rent it in certain 
other countries. 

Hughes, according to Ayers, has 
been doing special research work on 
rock bits for new high-speed hydraulic 
drilling for some period of time, but 
has no plan for the construction of the 
turbo-drill itself. 

Under this contract Hughes will 
have the benefit of specialized techni- 
cal information developed by Neyrpic 
over the years that would be useful to 
Hughes in developing a bit adapted to 
such new method of drilling; and 
Hughes will also have the right to col- 
laborate with Neyrpic’s specialized 
technicians and thereby will be enabled 
to expedite its development of a rock 
bit specially adapted and important to 
turbo drilling. 

Information was also furnished to 
Ayers by Montrose from Paris that 
Neyrpic would commence the agreed 
collaboration by promptly sending its 
engineers to Houston for studies and 
tests in Hughes’ research and engineer- 
ing laboratory. 
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New home of W-K-M Manufacturing Company near 


Houston, Texas. Nearly 12 acres are covered by 


plant facilities. Manufacturing facilities for ACF’s valve division and The Key Company are located here 


GIANT NEW VALVE PLANT 
Opened Near Houston 


Pipe line valve machining line show- 
ing battery of boring mills, multiple 
spindles and other special machines. 


J.$. Downs, president, W-K-M Manu- 
facturing Company, Inc., will head 
the expanded and consolidated facili- 
ties of the three organizations 


B-94 


On May 17 oil and gas industry visi- 
tors poured through W-K-M Manufac- 
turing Company’s mammoth new plant 
at Missouri City, Texas, on the out- 
skirts of Houston. What they saw is 
one of the world’s most up to date 
manufacturing units turning out valves 
of almost every size and description. 
They range from the high pressure 
valves in sizes as large as 34-in. to low 
pressure semi-steel and bronze valves 
of all sizes. 

The new plant is one of the largest 
in the south; the buildings cover almost 
12 acres, and 2250 tons of air-condi- 
tioning (enough to cool about 750 
average homes) protect workmen from 
the burning summer weather. 

The new plant was designed to per- 
mit three distinct production facilities 
to function under one roof. The Ameri- 
can Car and Foundry Industries, Inc. 
(W-K-M’s parent company) which has 
moved its valve division from Detroit, 
will produce lubricated plug valves 
The Key Company has moved from 
East St. Louis to produce return bends 
and welding fittings for the industry. 

Both A C F and The Key Company 
moved vital personnel of their existing 
organizations to Houston along with 
machinery and equipment. J. S. Downs, 
President of W-K-M Manufacturing, 
will head the expanded and consoli- 
dated organization *** 
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WATCH FOR THIS SIGN OF A SPECIAL BUY 


Such a polis y makes everything in 


Recently, one of the National Supply 
Store managers literally “reached the 
end of his rope.” So he gathered all 
the rope end remnants in stock, at- 
tached some National “money saving 
special” tags, and offered them at a 
big discount. In a matter of hours, 
the counter was cleaned off. 

You won't often see these money 
saving special tags in any of our 126 
stores. One reason, of course, is that 


But the 


main reason 15 wrapped up in our 


merchandise moves rapidly. 


store operation policy that is, in effect, 


a constant bargain for every customer. 


Each National Store has a complete 
line of equipment and operating sup- 
tailored to the needs 
A store's stock is 


plies that’s 
the area it serves. 
never static, but constantly changed 
to bring you the newest developments 
in appropriate products. 
Moreover, we insist on top qual- 
from the major equip- 


“National Blue” 


products family to the smallest acces- 


ity products 


ment in our own 


sory item you can name. We con- 
stantly try to anticipate your oper- 
ating needs and give you the best 


possible benefits in prices and service. 


THE 


a National Store a good buy—and 
tags only for 
products like 
could 


so con 


thus we reserve the 
special situations and 
the rope ends. Actually, we 
put bargain tags on all items 
vinced are we of their lasting service 
value to you. 

But you, the customer, are the best 
and final judge of this. Your use of 
and consistently high regard for, 
National Supply products and services 
has made us the world’s largest man 
ufacturer and distributor of oilfield 


machinery and equipment 


NATIONAL SUPPLY 


COMPANY 





reasons why you'll reduce drilling 


The simple, compact design of Type 
N Swivels is typical of the built-in 
safety of products bearing the Ideal 
trademark. But this general feature 
only partially explains their true worth 
on any rig. Here are six main reasons 
why these Swivels give you continu- 
ous service at low operating and main- 


tenance costs: 


1. Reduced weight 


Complete redesigning has been em- 
ployed to bring every model down to 
minimum weight in relation to indi- 
vidual rated capacity. The use of high 
quality, high-strength components 
throughout has reduced both over-all 
height and weight to greatly facilitate 
handling. 


2. Lower center of gravity 


Centerline of the bail pins on Type N 
Swivels has been raised, thereby 
lowering center of gravity. This means 
greater stability in handling, makes 
connection of swivel “sub” to kelly 


easier and faster. 


3. Streamlined exterior 


The one-piece steel body is free from 
any dangerous projections. All bolts, 
nuts, pins and grease fittings are 
recessed to assure maximum safety to 


the derrick crew. 





costs with National's Type N Swivels: 


4. Fast wash pipe replacement 


National’s exclusive Uniflex Wash 
Pipe Box assembly is standard on all 
Type N Swivels. Its Nationaloy wash 
pipe is of the free-floating type. The 
packing assembly has inverted rings 
and provides an improved method for 
packing off the mud. The Uniflex 
assembly also has quick-acting threads 
to speed replacement, is easily assem- 
bled by one man, can be installed with- 
out removing the gooseneck or break- 
ing the hose connection. 


There's a Type N Swivel tor every drilling job! 
Whatever the drilling job, there’s a Type N Swivel to 
economically suit your needs. Check the chart on the 
right, and get more information on your choice from a 


National Supply representative. 


THE 


NATIONAL 
SUPPLY 


COMPANY 





5. Rapid hose coupling 

Also standard on all Type N Swivels is 
the Quick-Seal Hose Connection that 
speeds make-up of hose joints. All 
parts are made of steel, and are plated 


to minimize corrosion and galling of 


threads. Besides eliminating one hose 
connection member and _ therefore 
minimizing the chance of mud leakage, 
the Quick-Seal Connection features 
larger, quick-acting threads and seal- 
ing elements to withstand rugged use. 


Depth Range, Feet 


6. Precision main bearing 


This bearing is the perfected result 
of 40 years of National experience in 
design, manufacture and field per- 
formance. Made of highest quality 
steel, it is precision-machined through- 
out, and constructed to withstand 
the extreme loads and high rotating 
speeds found in modern drilling. A 
patented spherical contour on the 
outer end of the rollers draws lubri- 
cant between roller and race plate to 
minimize friction and wear. 
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MAIN OFFICE 


Two Gateway Center, Pittsburgh 22, Penna 
DIVISION OFFICES: Denver; Ft. Worth; Houston; Toledo; Tulsa; 
Torrance 
CANADA: The National Supply Company, Ltd., 200 F. W. Clark 
Building, 709 Eighth Avenue, West, Caigary, Alberta 
EXPORT: 600 Fifth Avenue, New York 20, N.Y., U.S.A.; City 
Wall House, Chiswell Street, London E. C. 1 


NATIONAL BLUE OIL FIELD MACHINERY AND EQUIPMENT 
SPANG STEEL PIPE AND ELECTRICAL CONDUIT 


next page: National's dependable Blocks 





For new drilling speed and safety, 
use National's Blocks! 


If you're losing time and money because of slow or unsafe field-tested. You can choose from a complete line of 


block operation, National’s line of Hook Blocks and Travel- Hook Blocks and Traveling Blocxs that National has 
ing Blocks can solve your problems. Every block is engi- developed for every drilling need, and get these out- 


neered for safety, built for rugged service and thoroughly standing features: 
—_—_o_— ma a aaa ia es a i el 


SPECIAL HOOK FEATURES Your National representative will be glad to give you more in 
formation about National's line of Hook Blocks, Traveling Biocks 
and companion Crown Biocks. Ask him soon about the units 

@ Hook body mounted on tapered roller bearings that can put new speed and safety into your drilling program 
@ Elevator link supports equipped with positive retaining links 


@ Automatic-latching hook tongue cannot be accidently opened THE 


@® Spring-actuated 8-position rotation lock G 
@ Grooved hook body facilitates drill pipe alignment with elevator Ni AT ! oO N A L 
SUPPLY 


COMPANY 


TRAVELING BLOCK FEATURES 


MAIN OFFICE: Two Gateway Center, Pittsburgh 22, Penna 
ivisi FFI F h: H 
@ Sheaves independently mounted on tapered roller bearings DIVISION OFFICES segs boy eusten; Tolede; Tulse 
@ Individual lubrication to each sheave bearing CANADA: The National Supply Company, Ltd., 200 F. W. Clark 
Building, 709 Eighth Avenue, West, Calgary, Alberta 
@ All rts $ rely | for saf 
parts securely locked for safety EXPORT: 600 Fifth Avenue, New York 20, N.Y., U.S.A.; City 
® Streamlined—all nuts, bolts, pins and fittings recessed Wall House, Chiswell Street, London E. C. 1 


@ Short, low stressed pins and shafts NATIONAL BLUE OIL FIELD MACHINERY AND EQUIPMENT 
SPANG STEEL PIPE AND ELECTRICAL CONDUIT 
































Type F Type F 
TRAVELING BLOCK UNIVERSAL HOOK BLOCK 


Typical of National's Type F series blocks, The swivel block “universal” pin joint feature 
this 450-ton capacity troveling block is in this heavy-duty, 450-ton rated block dis- 
designed to remain stable in operation even tinguishes it from rigidly connected hook and 
under no load. Type F blocks are available block combinations. Type F Universal Blocks 
in two sizes for 300- to 450-ton loads. are rated for 300- to 450-ton loads. 
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the financial risks of exploratory drill- 
Deep Drilling ng. 
Prior to World War II, the Japanese 
Government established the Teikoku 
Oil Company, owned half privately and 
half by the Government, and gave it a 
virtual monopoly of production. The 
fields were exploited to obtain maxi- 
mum possible recovery, without re 
spect to efficient production. Much of 
the nation’s refining capacity was de- 
stroyed by Allied bombing during the 
war, but the industry has been rehabili- 
tated since 1950, largely with the aid 
of foreign capital. 
Early in 1956, the Japan Petroleum 
Exploration Company, Ltd., owned 


Wildcat to go below 12,000 ft this year, 
Maximum depths now stand at less than 6000 ft 


WILDCAT drilling to depths below 
12,000 ft may be started soon in Japan, 
where present wells have a maximum 
depth of less than 6000 ft. 

In preparation for such deep drill- 
ing, the Teikoku Oil Company has pur- 
chased a National Type 110 rig and be- 
gan operations in May. 

The equipment, which was rigged up 
and test operated prior to shipment, 
from the West Coast, arrived in Yo- 
kohama in January, and was scheduled 
to be shipped to the Higashi Nagaoka 
area at the end of Japan’s rainy season. 
It may possibly be used in offshore 
drilling. 

This is the first complete rig pur- 
chased by the Japanese oil industry 
since 1937. At that time, Japanese in- 
terests purchased a large steam rig for 
use on Formosa. In 1949, the U. S. 
Army, under direction of SCAP, 
shipped a rig to Japan, but this was re- 
turned to the United States unused. 

The decision to seek oil at greater 
depths is the outgrowth of geological 
and geophysical studies conducted by 
American technicians during the time 
of the Allied Occupation of Japan. Sub- 
sequently the Teikoku Oil Company 
expanded its own studies along these 
lines, and is understood to have located 
numerous structures that are con- 











MEASURING LINE 


Reo 





Mathey Reels are available in many sizes 


sidered favorable to the possible dis- 
covery of oil. 

When decisions were made to drill 
below 12,000 ft, the Japanese Govern- 
ment authorized the issuance of import 
licenses and dollar exchange to permit 
the purchase of machinery. Oil field 
equipment was sold to the Japanese oil 
industry from 1910 until the beginning 
of World War I. After that war, how- 
ever, the Japanese began manufactur- 
ing their own oil field equipment, pri- 
marily for shallow drilling. 

Japan's deepest wells, 5580 ft, are in 
the Yabase field, discovered in 1934 
in northwest Honshu Island. There are 
seven other fields, in which the maxi- 
mum depths range from 650 to 4270 
ft. The oldest field , Higashiyama, was 
discovered in 1893. 

For many years, production in Japan 
was controlled by the refining com- 
panies, which were unwilling to assume 
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with various drives and controls in combina- 
tions to completely meet every requirement. 
Choose your type of control — hydraulic or 
mechanical, your capacity, your line speed 
and pull, and your type of power—hydraulic 
air, electric or internal combustion engine. 
Mathey’s many years of experience gvuor- 
antee you extra heavy duty construction, 
precision machining, oversize bearings and 
forged steel drum flanges. Mathey will make 
any type of reel to fit your individual re- 
quirements. 


Call or Write for Further Information 


MACHINE WORKS, INC. 


FRANKFORT ULSA. OKLA. + PHONE Diamond 3-3623 











half by the Government and half by a 
consortium of oil companies, including 
Teikoku Oil Company, was established 
to carry on wildcatting operations. 
However, it is understood that the new 
Rig will be used by the Teikoku Oil 
Company within its own areas of op- 
eration. 

In addition to the Type 110 draw 
works, the rig includes a four-section 
drive group with PTD-6 engines and 
Gyrol fluid drives. Other units include 
two-G700 pumps, MS-20% rotary, a 
648-TU crown block, a 548-TC travel- 
ing block, an N-815 swivel, and a type 
D line anchor. 





Heavy duty rig shipped 
early this year to Japan to 
explore below 12,000 ft in 
the Higashi Nagaoka area. 
it will be operated by the 
Teikoku Oil Company. 


An interesting sidelight to the trans- 
action was that the Teikoku Oil Com- 
pany required National to submit tes- 
timonials from other users, certifying 
that a type 110 rig would drill to 13,- 
000 ft. One customer reported using 
such a rig successfully to 15,224 ft.* * 








SERIES 3600 


GENERAL PURPOSE 


The Oil Industry's 
PUMPS 
Oldest 
40 TO 300 G.P.M 
PRESSURES 


Engineering Publication 


TO 90 P.S.! 


It’s The Petroleum Engineer, read and 
relied upon by operating men through- 


Once a well starts producing there are many applications in 
which a Roper serves best: for gathering line operations . . . tank 
truck transportation . . . field storage transfer. Ropers are 
positive displacement pumps (self-priming), and operate on the 
wee og of two equal size gears running in axial hydraulic 

alance. This simplicity of design provides high pumping 
efficiency . . . smooth operation to reduce chatter and pulsation... 
and easy servicing right in the field. Packed box or mechanical 
seal models available. For your specific application, consult 
the Roper representative in your vicinity. 


TRANSPORTATION and GATHERING 
OILs 


THE JOB-PROVED PUMPS FOR TRUCK 
LINE OPERATIONS HANDLING GASOLINE TO HEAVY CRUDE 


ROPER 
Rota ty Fimps 


GEO, D. ROPER CORPORATION 


727 BLACKHAWK PARK AVE. 
ROCKFORD, ILLINOIS 


out the U. S. and-one foreign countries 
The specialized editions of Drilling and 
Producing, the Refining Engineer, the 
Pipeline Enginer and the Petroleum En- 
gineer for Management all-industry 
coverage are pvrepared especially for 
operating men 


Sean carefully the copy in your hands, 
note the calibre and “persona! assist- 
ance” value of its contents 


Subscribe today at the low industry 
rates of $2 a year or $4 for 3 years for 
either Drilling and Producing, Oil and 
Gas Pipelining or Refining and Petro- 
chemical. Management Edition rates are 
$6 a year or $13 for 3 years 


The Des roleum 
[Bon asfinneerr 


DALLAS 1, TEXAS 


P. O. BOX 1589 











Complete Sales and Service in Every Oil Producing Area | 
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FOR YOUR HIGHEST PRESSURE APPLICATIONS 


To handle unprecedented high pressures, 

OCT has developed a pressure gauge needle valve 
that features a one-piece alloy steel body, 

a welded bonnet for maximum safety, and a 
multi-compound, non-crushable V-type packing 
especially developed to withstand extremely 

high pressures and temperatures. 


This is unquestionably the safest, strongest 
pressure gauge needle valve ever built. 


Please write for full information. 


©O-C 1 
P. O. Box 3091, Houston, Texas 


Export Representatives: Sterling Areas—te Grand, Sutcliff & Gell, Ltd., Rochester, Kent, England. South America— 
East West Oiltools, C. A., Del Lago Hotel, Maracaibo, Venezuela. Address Export Inquiries for All Other Countries 
to P. 0. Box 3091, Houston, Texas. 
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Little, If Anything Heretofore 


Pwhlished om... .- -« 


Some basic considerations for a better insight into the 
tremendous importance of “bringing a well in." Typical 
examples show HOW to initiate production in various types 
of wells. Here are some practical pointers on well testing. 


James A. Perkins Jr. 


Gulf Oil Corporation 
Houston, Texas 


A search of the literature reveals that practically 
nothing has been written under this title. Articles in 
various publications have touched on the subject 
indirectly from time to time, but because of the ran- 
dom appearance of such comments, it might be best 
to start from the beginning. 

It may be pertinent to mention that this chapter 
is intended to be a fundamental approach to the sub- 
ject beamed at operating personnel and allied indi- 
viduals. 


Industry Attitude 


First, consider the attitude of the men in the indus- 
try toward this subject. Their attitudes seem to place 
them in three general groups: 

1. The nothing to it group feels that the subject is 
of such minor importance that they give it no special 
thought. They just open a valve and let the well 
come in. 

2. The have or have not group feels that it is a geo- 
logical problem. You either have a good well or you 
have not. If you have, then nature made it so; and 
if you haven't, very little can be done. 

3. The something can be done group feels that the 
manner in which a well is brought in and placed on 
production is important to the extent that recoverable 
reserves can be affected significantly by it. 

Much can be said for the merit of each group’s 
thinking. Obviously this chapter would be at an end, 
if we subscribed totally to the reasoning of the first 
two groups. Yet this is not the case, as experience 
has shown that a substantial number of wells that 
are brought in do fit into the reasoning of the third 
group. 


Basic Facts To Know 


Before the operator can decide on the best way 
to bring in a well, it is necessary for him to know 
some fundamental facts about the (a) reservoir rock 
and its structural position; (b) reservoir fluids, their 
character, position in the reservoir, and their rela- 
tionship one to the other, and (c) reservoir pressure, 
its change and distribution in the reservoir and the 
effect of this on the reservoir fluids. If something is 
known about the rock, the fluids, and the pressure, 
then the subsurface arrangement of the equipment 


can be designed to take full advantage of the natural 
conditions of the reservoir. Further, certain arrange- 
ments can be made on the surface singly or in con- 
junction with the subsurface installation to create 
an advantage or augment that already achieved. 

All of these things are aimed at increasing the ulti- 
mate recovery of the reservoir. Of course, any recov- 
ery from a reservoir has to be achieved through a 
well. There is a popular saying that once the reservoir 
fluid enters the bore of a well, the reservoir no longer 
“cares” what happens to it. This is true in a sense, 
but it is limited to the extent that what you do in a 
well quite often determines what kind of fluid will 
leave the reservoir to enter that well to be produced 
and sold. 


The Reservoir 


Reservoir rocks and their attendant pore spaces 
range from caverns of considerable size down to pores 
of minute extent that occur in a concrete-like material 
with an outward appearance very much the same as 
a cement sidewalk. These rocks occur in the earth 
in assorted positions; some are for the most part 
horizontal, while at the other extreme some are stand- 
ing on edge. There have been occasions where these 
rocks were found literally turned over and resting 
upside down. 

Position of the reservoir beds whether fiat, tilted, 
upended or turned over has very little to do with 
our problem as such. The main concern is how the 
pore space is connected and the path that this takes 
across the reservoir. The well cares little how the rock 
itself is positioned, but it is extremely concerned with 
how the pore space is arranged and what the path of 
flow to the well will be. This condition quite often 
determines how much of which fluid will enter the 
well. 


Reservoir Fluids 


Reservoir fluids and their interrelationship are one 
of the most important single considerations. One 
should have a firm grasp of the subject when con- 
sidering the parameters with which to operate at 
the time a well is to be brought in. The reservoir 
fluids —gas, oil, and water — behave each in a defi- 
nite manner depending upon the relationship of their 
characteristics, which for the most part amounts to 
the P-V-T relationship (pressure-volume-tem pera- 
ture). Change any one of the three, and you auto- 
matically change the relationship of the other two. 
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FIG. 1 and 2 — Stratified permeability on a small scale is graph- 
ically demonstrated by the typical bedding shown above for two 
Gulf Coast sandstone producing formations. 


For example; if you change the pressure with a con- 
stant temperature, the volume has to change to 
adjust to the pressure change. 


Permeability Effects 


Also to be considered in the relationship of the 
fluids is the rock’s relative permeability to them. This 
means that the character of the fluid in the reservoir 
undergoes constant change when production from a 
well is commenced. The degree of change determines 
how the reservoir fluids will behave; e.g., in certain 
cases the rate at which a well is brought in deter- 
mines the gas-oil ratio. When gas that originally exist- 
ed in solution with the oil in the reservoir is liber- 
ated, the gas-oil ratio increases. 

This liberation of gas results in the oil’s becoming 
more viscous, and its movement becomes more diffi- 
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cult. If water is present while this is occurring, then 
the changed relationship between the oil and the 
water may be such that the relative permeability to 
the water has increased to the extent that the water 
moves more readily than the oil. That which under 
different producing conditions would still be an oil 
well now becomes an oil well producing quantities 
of water. This would not be too serious except that 
in some cases, if the rock surrounding the pores 
becomes wet with water or if the amount of water 
in the pore space increases appreciably, it is difficult 
if not impossible to re-establish original conditions, 
and the relative permeability to water remains high. 


Influence of Pressure 


Reservoir pressure is not in itself a critical factor 
when bringing in a well, except of course it must be 
reckoned with in regard to the kind of tubular goods 
and wellhead control equipment that will be used. 
The change in pressure reflected by the manner in 
which the well is brought in is very important. The 
magnitude of instant, drastic change of pressure be- 
tween the bore of the well and the area immediately 
adjacent is very important not only as to what effect 
it may have on the fluids in the reservoir but also 
as to the effect it may have on the reservoir rock 
itself. 

This is especially true when producing from sand- 
stones. Fig. 1 and 2 show typical bedding in Gulf 
Coast sandstones. The majority of sandstones from 
which there is production have laminated permea- 
bility. That is to say, the permeability extends in 
layers of various thickness. They are separated by 
either shale or excess cementing material. These little 
layers of porous sand have a wide range of grain size 
varying from fine powder up to rather coarse. Fig. 3 
is a typical sieve analysis of a Gulf Coast sand. 

In each layer, it generally is found that there is 
a predominance of one size. There seems to be little 
correlation in this respect from one layer to another 
even though they are contiguous. This means then 
that many sandstones are composed of layers of vari- 
ous grain structure, and because of this a rather wide 
range of porosity exists through the reservoir. This 
being the case, then it is readily understood that each 
layer will have a certain capacity to produce that 
may be quite different from the next. 


Rate of Production 


When sudden, drastic changes in pressure occur in 
the bottom of the well, a relatively small portion of 
the reservoir is immediately affected. The layer 
of greatest permeability supplies the well’s demand 
until its capacity is reached, after which other layers 
of progressively lesser permeability contribute to the 
extent of their capacity until the differential pressure 
is equalized or until all of the capacities of the vari- 
ous layers have been used up. 

This sudden impact concentrated on a small por- 
tion of the reservoir induces flow rates out of all 
proportion to the capacity of the component parts of 
the reservoir in the first few moments. These extreme 
rates will dislodge the fine grains of the most porous 


FIG. 3. Typical sieve analysis of a Gulf Coast sand. 
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section which, moving into the well bore, are pro- 
duced out. With these small propping blocks out of 
the way, the larger grains then bein to move, and 
it is not unusual under these conditions for a cavity 
of considerable extent to be formed. With the condi- 
tion aggravated by repeated changes of flow rate, 
there are many instances where the cavity has been 
of such a magnitude that the overlying layers of 
shale have collapsed into the void and effectively 
sealed off a substantial portion of the reservoir. 

The magnitude of rate does not seem to be nearly 
so critical a factor as would be a serious change of 
rate. In effect what this tells us is that in bringing 
in a well, the desired rate of production should be 
approached gradually in order to avoid a possible 
occurrence of the type condition described above. 

There are those reservoirs that fail to respond 
satisfactorily regardless of how the rate has been 
handled. This may be caused by any one of a num- 
ber of reasons. Most often, however, this unsatisfac- 
tory performance is due to contamination of the pay 
by drilling fluid. In these cases, the reservoir may be 
subjected to a drastic change of rate or shock. This, 
however, is to be relied upon as a last resort. 

Pressure differentials existing between various points 
out in the reservoir are very important, but these 
hardly become a factor when bringing in the well. 
The area adjacent to the well bore is the most criti- 
cal spot, as here is the point where the reservoir 
bottlenecks into the well, and any small damage is 
magnified excessively in this constricted area. 

As developed earlier, it can be understood readily 
that the kind of reservoir fairly well determines the 
way a particular weil should be brought in and placed 
on production. The mechanical arrangement of well 
equipment and the procedure for bringing in a well 
vary greatly from field to field and sometimes from 
lease to lease. These depend entirely on the opera- 
tor’s opinions, as no set manner is generally accepted. 


Control of Rate 


Many mechanical tricks are used in an effort to 
control rate and its resultant pressure changes on the 


FIG. 4 — Ideal hookup to con- 
trol initial production when 
“bringing 























face of the reservoir. These have been applied both 
down the hole and at the surface, depending on the 
need as dictated by the reservoir rock and its fluids. 
A few general types will be reviewed in some detail. 
It should be remembered that these are intended to 
be representative and that many possible variations 
may be just as satisfactory. 

Type No. 1. Assume a well is in a reservoir of con- 
solidated sandstone or lime with good permeability, a 
high bottom-hole pressure, and a water drive mechan- 
ism. The reservoir oil has a relatively low saturation 
pressure; i.e., the gas does not come out of solution 
until the pressure is reduced considerably below 
reservoir pressure. If the reservoir should contain gas 
instead of oil, no variation in the technique or method 
is necessary. 

One common arrangement for this type of reser- 
voir (Fig. 4) would be as: follows: 

After a well has been perforated and the hole is 
full of mud, the tubing (1) is run with a packer 
(2) near the bottom and a perforated nipple (3) on 
the bottom. The top joint of the tubing is what is 
known as a slick joint (4). This may be a special 
joint of pipe machined and polished, or it may be 
just a regular joint of tubing that is free of exterior 
imperfections. The tubing head (5) is screwed on 
to the top of this joint. The master tubing valve (6) 
and control head (7) are then installed, and the seal 
(8) between the tubing and the casing is positioned 
and secured. This seals off the annulus, and all is 
then ready to lower the tubing to its proper position 
for setting the packer. 

Many operators before setting the packer will dis- 
place a portion of the mud in the tubing with water. 
This is done by pumping in water through the tubing 
control head equipment and closing the master valve 
after the desired amount has been reached. Closing 
the valve is necessary to prevent the water from 
back-flowing out because of the unbalanced condition 
existing between the annular column, which is heavy 
mud, and the lighter column in the tubing, which is 
composed of both mud and water. When the desired 
relationship is reached, then the packer is set, the 
tubing head secured, and the well is ready to be 
opened. Because of the partial column of water under 
pressure in the tubing, the opening of the wellhead 
controls will cause the well to flow and permit the 
entry of reservoir fluid into the bottom of the tubing 
as the water flows out the top. This permits a com- 
pletely controlled operation of generating flow from 
the reservoir. 

Under this arrangement, it is very easy to avoid 
the drastic rate changes that were discussed earlier. 
On occasion, an error in judgment as to what the 
bottom-hole pressure may be and how much water 
to pump into the top of the tubing may result in the 
well’s failing to flow. In this case, the packer could 
be unseated and the operation repeated by using a 
greater head of water in the tubing. 

Because of mechanical difficulties involved in ma- 
nipulating the packer during unseating and reseating 
and the danger of damage to the reservoir by drop- 
ping the mud in the annulus on the formation, few 
operators will repeat the process. Many packers in 
use now have control heads on them that permit com- 
munication between the tubing and annulus without 
their being unseated. This is accomplished by raising 
the tubing and exposing ports in the packer tube. 

Some operators prefer, however, to swab the well 
rather than go to the trouble of re-creating a greater 
differential than was originally used. When swabbing, 
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one must be careful to avoid creating excessive pres- 
sure differentials on the formation. The rate at which 
the swab is pulled has most to do with this, and it 
is a very difiicult thing to control. For example: If 
the swab is pulled too slowly, you lose the head of 
fluid being brought up, and if it is pulled fast enough 
to avoid this, the rate becomes excessive in the reser- 
vor. 

Type No. 2. In this case, it will be assumed that 
the reservoir characteristics are not of a critical nature 
but there is insufficient reservoir pressure to cause 
natural flow. This condition would call for a conven- 
tional, artificial lift installation. 

Let us assume that the well has been perforated 
and that it has been gravel packed, fractured, acid- 
ized, screen-set, or whichever stimulating or sand 
control measures were used, and the well is ready to 
be placed on production. As it now stands, the hole 
is partially filled with dead oil, i.e., oil that has been 
produced and weathered to the extent that most of 
the gas in solution has been dissipated or separated 
out, and fresh or salt water. Mud is always displaced 
because of its abrasive quality and the detrimental 
effect that this has on the gas-lift valves or subsurface 
pumping equipment. Generally, in low-pressure reser- 
voirs, this displacement occurs prior to perforating 
the casing, as many operators are reluctant to expose 
the formation to the hydrostatic head of the mud 
column during perforation. 

Let’s assume that this well is equipped with gas-lift 
valves. Since this is a reservoir of a noncritical nature, 
no special arrangements need be made to control the 
degree of variable rate completely during production. 

After making the necessary calculations to deter- 
mine the position of each flow valve, the tubing is 
run without a packer (or with one if desired), and 
the flow valves are installed in the tubing string so 
that when the tubing is set the valves will be in their 
proper position. (See Fig. 5). The fluid (1) stands 
in the well at some distance from the top of the well 
due to the low bottom-hole pressure. Gas is then 
turned into the annulus and “U-tubing” of the fluid 
commences. This continues until the top valve (2) 
becomes uncovered and gas enters the tubing (3) 
through the valve, aerates the column, and produces 
that portion out much more rapidly. This tends to 
lower the fluid further in the annulus until the oper- 
ating level (4) of the well is reached for that par- 
ticular withdrawal rate of fluid. When this occurs, 
the intermitter (5) controlling gas input is relied 
upon to regulate the input gas, thereby maintaining 
the desired daily rate of fluid production. If it 
becomes desirable to increase the rate, it can be 
accomplished by simply increasing the frequency of 
gas input. The limit, of course, would be a function 
of the reservoir’s inability to give up fluid and the 
capacity of the tubular arrangement of the well. 

Type No. 3. For this type, it is presumed that the 
reservoir is of poorly cemented or unconsolidated 
sandstone or limestone that has a poor permeability 
distribution such as that found in highly stratified 
sandstones. It has an undersaturated reservoir oil; i.e., 
oil under reservoir conditions of pressure and tem- 
perature that could absorb additional gas if it were 
available. There is an absence of water drive or gas 
cap expansion energy. The bottom-hole pressure is 
sufficient to cause flow initially, but it is insufficient 
to maintain commercial rates of production for any 
sustained period; though it is low enough to be safely 
contained within a column of dead oil. 

It is this type that requires extreme care in bring- 



































Lf, 


Ul 


FIG. 5 — Conventional artificial lift installation to control initial pro- 
duction from a reservoir having insufficient pressure to cause 
natural flow. 


ing in from the standpoint of recoverable reserves. 
Should drastic pressure changes occur across the face 
of the reservoir even for a moment, the chances are 
good that the well would become sanded up, if the 
reservoir is a sandstone described above. There is also 
the danger that prevails either in the case of sand- 
stone or limestone when pressure in the bore at the 
face of the formation becomes reduced to the extent 
that gas begins to break out of solution in the reser- 
voir rock itself. The increase in viscosity of the oil 
as a result of this could do serious damage especially 
in the sections of poor permeability. In a case such 
as this a suggested method is described as follows: 

Assume the casing has been cemented through the 
pay, the mud displaced with dead oil, and perfora- 
tions made. The same would apply if the casing had 
been set above the pay for a barefoot completion and 
the reduced hole through the pay had been drilled. 
(See Fig. 6.) Tubing (1) is run with a three-foot per- 
forated nipple (2) on bottom; to the top of this is 
placed a packer (3), and just above or below is 
placed a tubing choke (4). Above the choke is placed 
a three-foot perforated tubing nipple (5) and a tub- 
ing insert pump anchor (6), or working barrel next 
above that. Tubing is run until the bottom perforated 
nipple is just above the casing perforations (or pay 
in the case of a barefoot completion). The tubing 
head (7) is screwed on, and the packer is set with 
the proper weight on it. At this time, the tubing head 
is bolted to the casing head (8) and sucker rods (9) 
are run with an insert pump (10). The rods are 
spaced in order to assure proper stroke of the pump, 
and the well is then put to pumping. 

This arrangement assures complete rate control at 
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FIG. 6 — One way to bring a 
well in that has permeability 
stratification in an undersatu- 
rated reservoir. It should be 
treated with extreme care. 























all times. The bottom-hole choke will permit within 
reasonable limits a constant, steady flow from the 
reservoir regardless of the fluctuating level above 
the packer. In this case, the well will start flowing 
after the pump produces the dead oil and charges 
the system with live oil from the reservoir. 

This sort of arrangement eliminates swabbing, 
which so often causes damage because of the result- 
ant surge effects. Further flow from the reservoir is 
held constant regardless of whether the well is pro- 
duced by natural flow, pump, or gas lift. This method 
has also been used where there is danger of coning 
gas or water into the well and also where allowables 
are obtained in a few hours but the coning or other 
danger is present. 

The well is allowed to flow through the choke and 
fill up the casing and tubing during the shutdown 
period. A few hours of pumping produce the allow- 
able at a rate that otherwise would cause damage 
to the reservoir if it were not for the restricting choke. 


Well Production Testing 

Wells are tested for various reasons, and they range 
all the way from obtaining reservoir data and locating 
mechanical trouble to adjusting allowables. There is 
no substitute for a good well test. Unfortunately, far 
too often little attention is paid to this phase of opera- 
tions. Many is the time that an operator has had to 
base a decision of what to do to a well on a two-hour 
test. This perhaps, in rare instances, would be entirely 
satisfactory provided results of the short test were 
actually representative. The business of production 
testing is so vital that a few examples of what can 
happen, or has, will be given to emphasize this im- 
portance. 


What Can Happen 
There is the case of the boss at headquarters dis- 
cussing the previous day’s workover activities with 
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his field foreman. The boss asked how the foreman 
got along with the work on No. 16 and was advised 
that the well had been put to pumping at just about 
sundown the day before. It looked like a mighty small 
well, as it had made only two inches all night. The 
boss couldn't remember whether there were 500- or 
1000-bb! tanks on the lease; so he asked in which the 
well had been tested. The reply was, “Neither one; 
we had it going in the reserve pit.” It developed after 
the pit was measured that two inches amounted to 
about 100 bbl, which was a very good well for the 
area. The boss admitted that he was on the verge 
of telling his foreman to squeeze off that section and 
test the next one up the hole. If the question of the 
tank size hadn’t come up, he would have. 

Another case was the one where a small operator 
was trying to ascertain if the zone being tested was 
worth the cost of installing a pumping unit. He had 
just hired his first engineer (limited field experience ) 
to be sure his operations were being properly con- 
ducted. The well was being swabbed, and the boy 
was checking where fluid was standing on each trip 
with the swab, how deep the swab was lowered into 
the fluid, and the number of trips per hour that were 
being made. 

He noted that the fluid level was holding constant; 
so he called the boss and advised him that they had 
been swabbing at a rate of 30 to 40 bbl per day, and 
for the last two days they had been unable to lower 
the fluid in the well. He and the boss agreed that they 
had a well good enough to install a unit. 

The boss suggested that he get in touch with the 
pipe line to run the tank, as surely with what it 
already had in it at the start of swabbing and what 
he had produced since, it should be about full. He 
asked how much was in it, but the boy didn’t know 
because he had relied on his calculations. A measure- 
ment showed that he had raised the tank level a 
pesky five bbl for all his swabbing. The young man 
was dismissed and advised that there was no pipe 
line company in the country that paid off on anything 
but what is in the tank, certainly not on swab calcu- 
lations. 

There is still another case that should be men- 
tioned. A well had been flowing, and the water cut 
had increased to about 95 per cent when flow ceased. 
Flow valves were installed, and the well was put back 
on production. It was lifted at about 400 bbl of salt 
water per day and after the second day showed a 
trace of oil. During the third or fourth day, the trace 
disappeared. About 400 bbl of hot salt water were 
produced daily for about ten days when it was 
decided to see what would happen if the rate were 
doubled. 

The tester stabilized the well at about 800 bbl 
per day of hotter salt water and switched into an 
empty 1000-bbl tank for the test. He then went home, 
reasoning he had plenty of room to hold the well 
until 7:00 the next morning when he would again 
check it. About 2:00 a.m., the gager woke the field 
engineer and told him he had a wild well, as the 
tank had run over and the fire wall was about full. 
A check revealed the wild well to be the one the 
tester had put on about 6:00 p.m. the evening before. 
The well was flowing with 1200 psi tubing pressure 
and just a trace of water. Rate in this case was critical. 

The foregoing experiences indicate rather emphat- 
ically that communication of data, positive measure- 
ments, and a good knowledge of the reservoir being 
tested are all-important. 
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To obtain a reliable production test of a well is 
not an easy operation. First, adequate test facilities 
must be available for accurate measurement of oil, 
water, and gas. Good data forms should be on hand 
to record the data in an orderly fashion, and above 
all, the production rate of the well must be stabilized 
prior to and during the entire test. 


Surface Equipment 

A basic arrangement of surface equipment consid- 
ered to be adequate for production testing an oil well 
is as follows: The well produces through a separator 
where the liquid and gas are separated. The gas is 
measured by means of an orifice meter, and the oil 
and water are dumped or flashed into a tank of 
known dimensions. The first step in preparation for 
a well test with this setup would be to thief or sample 
the contents of the tank before the test begins. This 
is necessary, as few tanks are rigged in such a manner 
that all of the contents can be pumped out. A handy 
way to do this is to use a tank sampler or thief and 
make a centrifuge (shake-out) test of its contents to 
determine the amount of water contained in the oil 
in emulsion form. A simple calculation using the per- 
centage determined by the shake-out accomplishes 
this. Having done this and assuming that the produc- 
ing rate of the well has been stabilized, the flow is 
switched to the test separator, and the test is com- 
menced. 

The well is permitted to flow undisturbed for the 
test period at its stabilized rate. Upon completion of 
the test, contents of the tank must be sampled again. 
This measurement gives the gross content of the tank 
after testing. From this amount is subtracted oil and 
water in the tank at the start; the remainder is the 
amount the well produced. 


Sampling a Tank 

To sample a tank accurately is not an easy opera- 
tion. One way to do this that gives reliable results 
would be to sample each foot of the tank with a 
thief, starting at the top of the fluid and sampling 
down. Starting at the top is recommended, because 
where the well has produced water along with the 
oil, contents of the bottom foot or so of the tank 
will be clear water, then the next portion up will 
contain an emulsion with high water cut, diminishing 
in amount until the layer of clean oil at the top is 
reached. Reason for starting at the top and working 
down is because each foot has to be tested individu- 
ally, and if the bottom portion were tested first, the 
thief would have to be pulled up through the tank 
contents each time and would result in a contamina- 
tion of the upper portion. 

Occasionally considerable difficulty is experienced 
when there is an attempt to get a true sample of the 
contents of the thief for a centrifuge test. This can 
best be done by putting the entire contents of the 
thief in a container with a cover and pour spout and 
shaking until a tight emulsion is formed. This mixture 
is quickly poured into the centrifuge tube before it 
has a chance to start settling out in the shaker. This 
assures a representative sample of its contents. 


Test Data Form 


A handy form for recording data for the foregoing 
type of test and an example are shown in Fig. 7. 
Portable well testers are now available and are used 
quite extensively. They generally consist of a small 
separator, a gas meter, and a liquid meter. In addi- 
tion, a sampling device to determine the amount of 
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FIG. 7 — Handy well test data form that provides practical informa. 
tion enabling the engineer to properly evaluate a production test. 


water is connected to the liquid discharge line of 
the separator. These units work quite satisfactorily 
except in those cases where the limits of a water 
sampling device are reached, and a representative 
sample of the amount of water present cannot be 
obtained. This condition usually exists where excep- 
tionally high water cuts are being produced or the 
amount of water being produced varies greatly at 
intervals during the test. 


Gas Well Tests 


Equipment normally used for testing oil wells is 
generally satisfactory for use for gas wells. There are 
those exceptions where extreme pressures exist and 
make heaters a necessary addition to the equipment. 
Occasionally when a well is completed no heater is 
available; yet a test at the expected daily rate is 
badly needed. To get around this problem, some 
operators will set a retrievable choke down several 
thousand feet in the tubing with wire line equipment. 
This permits taking the first pressure drop in a zone 
where temperatures are considerably higher than 
at the surface. The drop in pressure at the surface 
is much less and no heating is required for the test. 

Testing, especially when bringing the well in, is 
one of the most important single steps. Many impor- 
tant decisions of far-reaching significance are based 
on the initial test. Such considerations as whether 
or not to complete in the interval being tested or to 
go deeper, to increase lease ownership in the area, 
to pool acreage with other operators, or to abandon 
efforts in the vicinity, are dependent on that first 
test. Also the type, kind, and capacity of surface 
equipment are determined in many instances by the 
first test. In fact, bringing the well in and the accom- 
panying test are so important that it may be proper 
to sound a cautious note to those engaged in this 
phase of our business—that they put their best 
foot forward every time. 


Acknowledgment 
The author wishes to express his appreciation to 
the Gulf Oil Corporation for permission to prepare 
and publish this chapter. 
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Applications: Meter runs, Christmas Trees, flow 
lines, seporators, treaters, manifold systems, 
water flooding, gathering systems, salt water 
disposal, dual string tubing control and many 
others. 

Features: Orbit Forged Stee! Valves are specifi- 
cally engineered and designed for general oil 
field production uses. Orbit has a well estab- 
lished reputation based on actual performance 
that provides positive seating without lubrico- 
tion, easy operation, and long years of service 
with low cost maintenance. 

Sizes: 1, 12, 2, 24%, 3 & 4 inches, Flanged and 
Screw ends, Carbon Steel and Stainless Steel 
Trim. 500 Ibs., Working Pressure to and includ- 
ing 5000 Ibs., Working Pressure. 
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For greater service to the petroleum industry, 
Orbit has strategically located field warehouses 
and highly qualified field men. When you buy 
Orbit valves you also buy service at no extra cost. 


ORBIT VALVE COMPANY 


P.O. BOX 699 @ TULSA 1, OKLAHOMA 
ovea 


VALVES 
® 


HOUSTON, TEXAS 407 Velasco (Serving the Guif Coast) 


CASPER, WYOMING 
247 West First Street (Serving the Rocky Mountain States and Canada 


ODESSA, TEXAS 402 West County Road (Serving West Texas) 
EXPORT REPRESENTATIVE: 500 Fifth Ave., New York 36, N.Y. Ph. BRyant $2296 


CANADIAN REPRESENTATIVE: 536 8th Ave. West, Calgary, Alberta, Canada Ph. 3.0497 
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Portable 


AUTOMATIC GAS LOGGER 


DETECTS 
GAS HYDROCARBONS 


IN 


MUDS-CORES-CUTTINGS 


PRICE — 
COMPLETE 
LOGGER 
ONLY, 


$985.00 


Eliminates expensive logging services. 
Any well sitter can now log a well with 
this simple instrument. 


AUTOMATIC — Nothing to do but observe the meter as drill- 
ing proceeds. It enables driller to check all drilling breaks. 


SIMPLE — Any layman, geologist, driller or engineer can operate 
this simple instrument. One meter and one control are used. 
Simply plug it into a light socket. 


CONTINUOUS — Tests all the mud coming out of the well 
from every foot drilled. 


SENSITIVE — Detects gas in the mud that cannot be detected 
by weight change or smell. Gases in cores and cuttings are de- 
tected, which are not detectable by smell or taste. Extremely 
sensitive. 


POSITIVE — Instrument operates from rig lighting system and 
may be tested at any time by a simple test for accuracy. 


PORTABLE — Equipment is self-contained in steel housing with 
door. Handles provided on housing for easy handling. Housing 
size is 12” x 14” x 27”. May be carried in automobile trunk. 


CORES & CUTTINGS —A sample housing is provided for a 
very sensitive test of cores ard cuttings. 
USES — Determines when to core, drill stem test and DEPTHS 


FOR SIDE WALL CORES. A 24-hr test for gas in the mud 
return. Comes complete with mud trap and instructions for opera- 
tion. Price $985.00, F.O.B., Houston, Texas. Pat. 2,581,083 and 
2,636,569. 


Manufactured and Distributed by: 


PETROLEUM INSTRUMENT COMPANY 


2200 WEST ALABAMA STREET * HOUSTON, TEXAS 
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SUBSCRIPTION ORDER FORM 


The Petroleum Engineer, 
Box 1589, Dallas, Texas. 


(Enter) (Renew) my subscription for— 
SPECIALIZED EDITIONS 
0) DRILLING ond PRODUCING ( THE PIPELINE ENGINEER 
(CD THE REFINING ENGINEER 
1 year...$2.00 [] 2 years... 
3 years... $4.00 [] 
THE PETROLEUM ENGINEER FOR MANAGEMENT 
. $6.00 [] 2 years... $10.00 [) 
3 years... $13.00 [] 


$3.00 [) 


1 year .. 


Name 





Company__ P. 





Position 





Home Address 








Office Address 


City. State 














GUARDS AGAINST SEIZURE AND WASHOUTS! 


KOPR-KOTE 


World’s Toughest and Finest 
DRILL COLLAR AND 
TOOL JOINT COMPOUND 


* LOW TORQUE MAKE & BREAK 
* NO SEIZING OR GALLING 

* PERFECT SEAL—NO WASHOUTS 
* WILL NOT SETTLE OUT 





KOPR-KOTE, containing flake copper 
metallic lead and graphite is the only 
real compound improvement for today’s 
faster, deeper drilling ! Time tested and 
used in every U.S. drilling area and in 
over 20 foreign countries. Extends tool 
joint life under any condition. Perfect 
thread and shoulder makeup. Money 
back guarantee to outperform any other 
compound. See Composite Catalog for 
details. 
une Unconditionally Guaranteed 
lead & Graphite 

SOLD EXCLUSIVELY THRU 

SUPPLY STORES EVERYWHERE 
JET-LUBE, Inc 

193 N. CALIFORNIA ST BURBANK 
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Kerr-McGee to Put Three 
Offshore Rigs in Service 


Kerr-McGee Oil Industries, Inc., has 


announced that three new rigs for off- Y / 
shore drilling operations will go into 7? 4 Ay ALOFLS 
service in the next few months. The _— —~ VILE 


first, a powerful diesel-electric tender 
and platform designated rig 48, is ex- 
pected to go into service at the end of 
this month. 


Rig 46, a submersible rig of ad- | builds its industry’s finest 


vanced design capable of drilling in 

water up to 70 ft in depth, is expected 

to be commissioned at midsummer. 

Another new submersible of the same FRS| BLE DRILLING BAR ES 
type, rig 47, will be ready abovt 30 SU BM 

days thereafter. 

Development drilling on the com- 
pany’s uranium properties in the Am- 
brosia Lake area of McKinley county, 
New Mexico, was described as having 
“added substantially to the mineable 
ore reserves estimated to underlie these 
properties.” Stockholders have been 
promised a fuller description in the 
company’s annual report, since the 
core drilling program is expected to 
be completed before the end of the 
company’s fiscal year, June 30, 1956. 

Earnings of $3,405,453, after taxes, 
for the first three quarters of the cur- 
rent fiscal year—highest figure for any 
nine months in the company’s history— 
has been declared. 

Stockholders were told, in a recent 
letter, of several new oil and gas dis- 
coveries during the quarter, and “suc- 
cessful extensions to existing fields.” 
Mentioned specifically were two off- 
shore Louisiana gas-distillate pro- 
ducers, two wells on-shore in southern 
Louisiana, and a development program 
“of some magnitude” in Andrews 
county, Texas. 

Conclusion of a $20,000,000 loan 
at 4% per cent was reported in the 
letter. The loan will be payable in quar- 
terly installments beginning Aoril 1, 
1957, until December 31, 1969. Bulk 
of the money was used to retire cur- 
rent and long-term indebtedness. 

Refining operations benefitted dur- 
ing the quarter from purchase of a 
small refinery at Cleveland, Oklahoma, 
which had been closed by its former 
owners. Plant’s catalytic reformer is 
being operated in conjunction with 
Kermac’s nearby Cushing refinery. A 
6500-barrel a day crude gathering sys- 
tem and substantial additional storage 
facilities were required. 

Kerr and McGee closed their letter 
with an expression of confidence “that 
future activities will reflect a continua- 
tion of the present earning trend.” 
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EXPLORATION ACTIVITIES 





JAMAICA 

% Second oil or gas prospect in Ja- 
maica is now being drilled by Jamaican 
Stanolind Oil Company on Santa Cruz 
Mountain, five miles south of Malvern 
and one mile east of Munro College in 
St. Elizabeth Parish. The site was lo- 
cated on a structure first identified 
from aerial photos of the region. Sur- 
face geological crews confirmed the 
feature, and were followed by seismic 
tests. The test is scheduled to go to 
6000 ft. First well, drilled by Base 
Metals, less than a year ago, went to 
6000 ft but was dry and abandoned. 
Currently six exploration crews are at 
work on the island. 


MISSISSIPPI 

% New dual-zone discovery has been 
completed by David Crow and asso- 
ciates about 144 miles southwest of the 
Pistol Ridge field in Pearl River 
County. The new lower Cretaceous 
gas-condensate find is the No. | Crosby 
Forest Products. Total depth is 11,217 
ft with pipe set at 10,700 ft. From the 
Washita-Fredericksburg zone at 9967- 
73 ft the well tested open flow of 10,- 
000,000 ft of gas and 190 bbl of con- 
densate a day. The Dantzler zone tested 
5,000,000 cu ft of gas and 120 bbl of 
condensate a day on a 5/16-in. choke 
from a depth of 9442-45 ft. 


ZANZIBAR 

% The BP-Shell Petroleum Develop- 
ment Company of Tanganyika has 
started drilling a deep well on Zanzibar 
Island as part of a test program to ex- 
amine the possibilities of oil on this sec- 
tion of the African Coast. The British 
Petroleum Company, in association 
with the Royal Dutch-Shell Group, has 
been carrying out intensive oil explora- 
tion, including geological and geophysi- 
cal surveys, over wide areas of East 
Africa since 1951. The Zanzibar well is 
the second deep test well to be drilled. 
The first, on Mafia Island, off the coast 
of Tanganyika, was completed early 
this year at 11,051 ft and yielded valu- 
able geological information. This new 
test is expected to go to 10,000 to 
12,000 ft. 


INDIA 

*% Airborne magnetometer surveys in 
the Ganges Basin, started last month 
as part of Canada’s contribution to the 
Colombo Plan. This geophysical survey 
is an extension of a 20,000 square mile 
operation recently completed in the 
West Rajasthan desert. The decision to 
explore the Ganges area for about 10,- 
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000 air miles was based upon a favor- 
able interpretation of magnetic data 
gained during recent preliminary test 
flights across the Basin at Lucknow, 
Benares and Patna. Spartan Air Serv- 
ices, Ltd., is doing the work. 


TURKEY 

*% Concessions covering 2,800,000 
acres of land in southern Turkey have 
been granted by that government to 
Mobil Overseas Oil Company, an affili- 
ate of Socony Mobil Oil Company, Inc. 
Socony Mobil geological investigation 
was started early in 1953. With the 
granting of concessions, the company 
plans to increase the tempo of the ex- 
ploratory work shortly. 


ALGERIA 

%* New oil shows have been found in 
the Sahara desert, according to the 
French government's Bureau de Re- 
cherches de Petrole in Paris. The find 
resulted from exploratory work being 
done by CIE. Francaise de Prospection 
Sismique, an affiliate of Seismograph 
Service Corporation, of Tulsa, Okla- 
homa. BRP’s information reveals that 
the shows occurred in the region of 
Reggan, in west central Algeria, at a 
depth of 984 ft in very compact car- 
boniferous sandstone formations. Ex- 
ploratory work was done for BRP, 
which controls exploration in France’s 
overseas territories. No permit has been 
issued for the Reggan area, which is 
about 150 miles west of the nearest 
producer —a gas well discovered in 
1954. 


MONTANA 

*% The California Company hasopened 
a new Charles zone oil field in Daniels 
County at its No. 1 Paulson. The dis- 
covery well is three miles northeast of 
the Bredette field. It flowed oil at the 
rate of 128 bbl per day on a %-in. 
choke with a gas-oil ratio of 400 to 1. 
Hole was drilled to 7475 ft and casing 
was perforated at 6746-50 ft. The well 
is shut in awaiting pipe line outlet. 


NEW MEXICO 

* A series of recent wildcat discov- 
eries in Lea County has focused at- 
tention in this part of the state. One 
significant discovery is the United 
States Smelting, Refining & Mining 
Company's No. | Superior State. It is 
3% miles east of the south side of the 
shallow Caprock field in Section 34-13s- 
32e. On initial potential test, the dis- 
covery flowed 429 bbl of 48 deg oil per 
day through a 26/64-in. choke through 
perforations at 12,338-44 ft 


ARIZONA 

*% Falcon Seaboard Drilling Company 
and associates, Tulsa, Oklahoma, have 
scheduled a wildcat in Mohave County. 
The well, staked as the No. | Govern- 
ment, on the Antelope Springs struc- 
ture, about 15 miles south of the old 
Virgin oil field in Washington County, 
Utah, will probably be drilled to 5000 
ft. Objective is production in the top of 
the Mississippian formation with 
checks of the Upper Kaibab, Moen- 
kopi and Coconino formations. The 
Antelope structure, has yet to have a 
conclusive test, is on the east side of the 
large Hurricane fault, and on the other 
side of the fault from the Hurricane 
structure. Falcon Seaboard’s test is on 
a 15,000-acre farmout from Continen- 
tal Oil, Sinclair Oil and Gas, and Sky 
Line Oil Companies. 


UTAH 

*® Sinclair Oil and Gas Company is 
testing a new discovery well 142 miles 
northwest of the San Arroyo pool in 
Grand County. The No. 2 San Arroyo 
unit flowed 11,000,000 cu ft of gas per 
day at a plugback depth of 6703 ft. 


OKLAHOMA 

* Pyramid Oil & Gas Corporation — 
Weimer & Fitzhugh have tested their 
Tulip Creek discovery well in the North 
East Noble Pool in Cleveland County. 
Based on an 80-minute drillstem test 
from a depth of 8200 ft, the well was 
producing through a %-in. choke at 
the rate of 1000 bbl per day of 40 deg 
oil. The well extends the companies’ 
North East Noble Pool which was dis- 
covered last February in the Second 
Bromide sands through their No. | 
Dailey discovery well. 


LOUISIANA 

A Kerr-McGee Oil Industries wild- 
cat in St. Martin Parish has been suc- 
cessfully completed to indicate a major 
discovery in that area. The well is the 
Schwing “B” No. 1 in the Atchafalaya 
swamp 15 miles northeast of New 
Iberia, on land leased from the Schwing 
Lumber and Shingle Company, Inc. 
The well flowed at the rate of 597 bbl 
of oil a day through a 6/64-in. tubing 
choke. Tubing pressure is 4800 psi, 
decreased by an estimated 3000 psi 
by special subsurface equipment placed 
in the tubing. The well is flowing 41.9 
deg oil with a gas-oil ratio of 2570 to | 
Calculations indicate shut-in surface 
pressure will be in excess of 8000 psi, 
with bottom-hole pressure calculated 
in the range of 11,000 psi. Drilled to a 
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Pay out or play out? 


The question is a matter of recovery, not discovery. You 
can't answer by simply shaking the package. 


Logs, maps, and run tickets are not enough. Sooner or 
later, someone will ask for the master key — a fully 
comprehensive, reputable core analysis report. Whether 
the situation involves the sale, financing, or unitization of 
reserves, the presentation of these factual data on the 


formation’s basic characteristics and future productive 
ability is a fundamental step in economics. 


Be prepared when the moment of negotiation arrives. For 
all of its immediate objective applications during discovery 
and completion operations, the long-range benefits of core 
analysis are virtually limitless. And, for values received, 
the cost is negligible. 


You'll be gratified with the broad acceptance of a Core Lab 
Report — carrying its trademark of integrity and accuracy. 


THE ONLY FULLY INTEGRATED PETROLEUM RESERVOIR ENGINEERING FIRM 


CORE LABORATORIES, INC. 


8o}1 cORE STREET, 


DALLAS, 


TEXAS 


DALLAS, HOUSTON. CORPUS CHRISTI, MIDLAND, ABILENE. SAN ANTONIO, TYLER, LIBERAL, FT. WORTH. WICHITA FALLS. KIMBALL, OKLA. CITY. TULSA 
ARDMORE. BARTLESVILLE, PAMPA. ARK. CITY, GT. BEND, NEW ORLEANS, SHREVEPORT, HATTIESBURG, LAFAYETTE, DENVER, BAKERSFIELD. CASPER, BILLINGS 
WORLAND. STERLING. EL DORADO, LUBBOCK, FARMINGTON, LOVINGTON. MONAHANS. GAN ANGELO; CALGARY, EDMONTON, REGINA, VENEZUELA, &. A 
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Exploration 


total depth of 13,665 ft, the well was 
perforated at 12,870-85 ft. Nearest 
production is in the Lake Chicot field 
four miles to the southeast. The Lake 
Mongoulis field is slightly more than 
four miles to the north. 

* Phillips Petroleum Company has a 
new Gulf of Mexico discovery well in 
the Main Pass area off Plaquemines 
Parish which flowed at the daily rate of 
323 bbl of distillate and 4,200,000 cu 
ft of gas through a small choke on a 
production test. The well No. 1 Main 
“A”, Block 48, is on a block about 60 
miles southeast of New Orleans. The 
No. 1 Main “A” flowed from 45 net 
ft of productive Miocene sand topped 





at 8465 ft. The discovery also had 19 
net feet of probable pay sand topped at 
9088 ft which will not be tested at 
present. The new well is ten miles south- 
west of the Block 36, Breton Sound 
field, and seven miles southeast of the 
Battledore Reef field. 

* Union Oil Company Aristile Landry 
1 in Assumption Parish, some 50 miles 
west of New Orleans, has been com- 
pleted from an effective depth of 12,- 
673 ft flowing 345 bbl per day of 36.4 
deg crude. Production is from a sand 
that is gas productive in the East Lake 
Palourde field, about two miles to the 
northwest. Three other gas saturated 
sands were penetrated in the well. Pro- 


Thoroughbreds 


for your string! 











DEPT. 0-7 


@ 


BLAST HOLE 
BITS and 


STEMS 


Sure winners in performance and production! 
Spang Bits and Stems, developed by skilled 
experts, ore a safe bet to pace the field in long 
service and economy. Win, place or show you 
can be sure with Spang. 


@ sPANG CHURN DRILL BITS drill more 


holes per bit at lower cost! Fully heat-treated, 
high carbon, molloy steel, or 4340 steel. They 
have added strength in pin and blade sections 
to enable them to take the toughest drilling 
conditions in stride. Semi-dressed ends speed 
finish- dressing. 

SPANG REPLACEMENT BLADE SEC- 
TIONS are for welding to the pin and collar 
sections of the original bit when it has become 
worn from long service. 


@ SPANG INTEGRAL ROPE SOCKET TYPE 


STEMS with heat treated swivel socket and 
swivel. Drill more . . . drill longer for less with 
these rugged, efficient stems. Made from one 
bor of steel with only a threaded box joint 
with integral rope socket top the stem's uni- 
formity cuts vibration or whipping. Tools turn 
freely in the open swivel socket keeping the 
hole round ond straight. 


Your inquiries cre welcome— 
contact your nearest Spang 
deoler or write direct to: 


BUTLER, PENNSYLVANIA 





For over 60 years Manufacturers of Spang Weldiess Jars and a Complete Line of Cable 
System Drilling and Fishing Tools for Oil and Gas Wells, Prospect Drilling and Shot Blast Holes. 
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duction tests, say company officials, 
definitely establish closure between this 
discovery and the East Lake Palourde 
field and the completion promises a 
significant addition to Union Oil’s re- 
serves in the area. 


KENTUCKY 

*% Tri-state region play has been in- 
creased as a result of a shallow discov- 
ery in Muhlenberg County, 2'2 miles 
northwest of Powers school. The well is 
the No. 2 F. K. Reyner, owned by F. 
E. Moran and Ashland Oil & Refining 
Company. The well pumped 130 bbl of 
oil per day from the O’Hara lime at 
1156-62 ft on initial potential test, after 
being acidized with 2500 gal. Discov- 
ery has stirred lease activity and three 
new tests are currently being drilled in 
the immediate vicinity. 


COLORADO 

% Cabeen Exploration Corporation's 
No. A-2 Blevens in Jackson County 
has proved a successful confirmation 
to the company’s Canadian River gas 
field. The California firm opened the 
field with a recently completed wildcat, 
marking the third commercial oil or 
gas field in the North Park Basin and 
the first gasser in that area. The new 
well has been dually completed in two 
new pay zones northwest of the dis- 
covery. Well gaged (open flow) 21,- 
000,000 cu ft of combustible gas per 
day. Pay zones are the Dakota, perfo- 
rated through casing at 1704-24 ft, 
testing an open flow of 15,500,000 cu 
ft of gas per day, and the Lakota, which 
tested 5,500,000 cu ft of gas daily 
through a 1-in. choke in 2-in tubing. 
Net pay section in the well is 90 ft, of 
which 79 ft is in the Lakota. 


TEXAS 

*% Continental Oil Company has an- 
nounced discovery of a new field off 
Fisher’s Reef in the Trinity Bay area 
of Galveston Bay, about two miles west 
of Eagle. On drillstem test at 9197 to 
9204 ft in the Frio formation, the 
wildcat, the State Tract 2-3A No. 1, 
flowed at the rate of 206 bbl daily of 
37.8 deg oil through a %-in. choke. 
Tubing pressure was 1600 psi. Nearest 
producer is one and one-half miles east 
of the discovery well. 

* New Ellenburger production has 
been assured at General Crude Oil 
Company's No. 1 John Dooley in Fish- 
er County. The wildcat, 9 miles south- 
west of Roby, has drillstem tested the 
Ellenburger at 7232-60 ft. With tool 
open 3 hours and 15 minutes, the wild- 
cat surfaced gas in 15 minutes, oil in 
1 hour and 13 minutes. Recovery was 
5130 ft of free oil, 145 ft of oil and 
gas-cut mud, and no water. Flowing 
pressure was 1515-2175 psi. Top of the 
Elienburger was called at 7223 ft. 
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Mean 0 War 





EVERY FIELD OF ENDEAVOR 


HAS PRODUCED QC) NE tor rerrormer 


In horse-racing it was Man O’ War. 
For smooth, free plunger operation under all kinds of 


pumping conditions it is 


oilmaster 


HARDENED AND HONED ONE PIECE PUMP BARRELS 


Their design and general construction can, has and 
will be copied, but THIRTY YEARS OF EXPERIENCE and 
KNOW-HOw in this field of endeavor are the exclusive property of 
FLUID PACKED PUMP COMPANY. 


Main Office and Plant 

Los Nietos, California 
Distributed by The National Supply 
Co., Pittsburgh, Pennsylvania + 
Export: The National Supply Co., 
Export Division, 600 Fifth Ave., 
New York « Co-Distributors: Union 
Supply Company, Beacon Supply Co., 
Industrial Supply Co. 


FREE REPRINT AVAILABLE 
Reprints of the illustration of Man 0’ War 
without advertising sent on request 














FREE BROCHURE 
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describes new 


weight-indicator discovery 


Bulletin P-10 features the Sensater, a marvelous 
new kind of Ideal anchoring-type diaphragm 
pressure transformer for Martin-Decker Weight 
Indicators. The rugged Sensater strokes like a 
piston, but has. no friction-causing piston-rod or 
packing. It always sends accurate, no-lag, 
hydraulic signals to the drilling-control instru- 
ment. Write Martin-Decker, 3431 Cherry Ave., 
Long Beach 7, Calif., E-2 
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“Here comes your QD Sheave— the original two-piece design.” 





1}]} = quick delivery 


A 


Sure as 2+ 2 = 4... you get quick delivery when 
you ask for a Worthington QD sheave or Worthington- 

ALWAYS IN OPERATION Goodyear V-belt. 
WHEN PUMPS ARE RUNNING Reason is that your Worthington distributor carries 


most sizes of Quick Detachable sheaves in stock, can 


NEW MODEL RUMBA get others from nearby warehouses. We call the orig- 


inal two-piece sheave “Quick Detachable” because it's 

DE-SANDER sO easy oo on and off the shaft. But it holds tight 
on the shaft once it’s there. 

Call your Worthington man or supply store now. 

You'll see what we mean. MV.61 


aiso WORTHINGTON 


REMOVES — > 
SHALE Se a. ———— 
OT a ‘=< 


HUTCHISON MANUFACTURING CO. Buy These Worthington Standard Products From Your Local Distributor 


6609 AVENUE U HOUSTON 11, TEXAS 
COMPRESSORS © PUMPS © MULTI-V-DRIVES © VARIABLE SPEED DRIVES 
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* Active rigs number 3003 strong in 
mid-June, the Hughes Tool Company 
weekly count showed. The 69-rig ad- 
vance over the previous week has 
bolstered the spirits of contractors in 
all areas. Highest gains were reported 
in California, Western Canada, Okla- 
homa, and Kansas, and most other 
states remained steady. 


% Rocky Mountain drillers now have 
more rigs turning to the right than at 
any time this year. Reports from Den- 
ver count 23 more rigs operating in the 
Rockies than in the first week of June. 
Western Nebraska and Utah show the 
greatest gains. 


* Texas drilling units busy are fluc- 
tuating from one section of the state to 
another with little change in the total 
active count. The big switch, however, 
seems to be from development to wild- 
cat drilling. Exploration drilling in 
Texas has shown a large increase. Rail- 
road Commission figures reveal the 
wildcatters have drilled 2298 times al- 
ready this year, compared with 1841 
times last year to mid-June. 


* California slant drilling has been 
approved in the Los Angeles park and 
recreational areas. A city commission 
has adopted an official policy that 
recommends that oil companies or op- 
erators should be permitted to slant 
drill under these areas, somewhat uni- 
que in that royalties derived from oil 
and gas found are earmarked to be ex- 
pended solely for acquisition of addi- 
tional parks and playgrounds, 


%*% Wildcat successes in Texas run far 
below the averages in many states. New 
Mexico operators last year made dis- 
coveries on 32.9 per cent of their wild- 
cats, recently published IPAA reports 
show. Second best place to hunt for oil 
in the U. S. seems to be in Louisiana, 
where 32.8 per cent of the wildcats find 
oil or gas. Oklahoma wildcatters find 
pay in 22.2 per cent of the holes, still 
better than the national average of 17.7 
per cent. California's record last year 
rated only 11.1 per cent. 
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* Fifty wildcats and semi-wildcats 
will be drilled in Kansas in the re- 
mainder of this year in Kansas by the 
Anschutz Drilling Company, Wichita, 
officials of the company have an 
nounced. To guide the accelerated new 
program, Anschutz has employed Ar- 
thur T. Freeman as Kansas division 
manager. Freeman was formerly with 
Kin-Ark Company. 


%* Canada’s Pembina field has been ex- 
tended nearly four miles through the 
recent successful completion of the 
Amerada California Standard well 
north of the prolific Alberta oil field. 
The well is on Amerada Petroleum 
Corporation’s 44,000 acre crown reser- 
voir between Alhambra and Rocky 
Mountain House. The extender had an 
initial potential of 192 bbl per day of 
41.4 deg oil flowing from the Cardium. 
The discovery appears to increase the 
size of the field by one-third. 


* Deep directional well has been 
staked in the old Knox area of Grady 
County, Oklahoma. British American 
Oil Producing Company plans to carry 
the well, located just a mile north of the 


state’s deepest well, to 17,000 ft to test 
the Arbuckle. The present record 
holder now produces from the third 
Bromide sand, and is bottomed at 15,- 
310 ft and was also drilled by British 
American. The depth title contender is 
the No. | Reed, spotted in the c w/2 
sw ne of 20-3n-Sw with bottom of the 
hole to be in c ne of 20-3n-Sw. 


* Deep water test being drilled by the 
CATC Group is well under way 22 
miles off Grand Isle, Louisiana, in 
Block 43. Drilling is being done from 
a platform in waters 112 ft deep, to set 
a record in that direction. The Group 
has spent $1,200,000 on the project, 
and expects to drill 12 wells from the 
one platform, which measures 110 ft 
wide and 146 ft long. 


*% Offshore drilling rig contract has 
been awarded recently by C. G. Glas- 
cock Drilling Company for the con- 
struction of a unit designed to operate 
in 140 ft water. Delivery on the unit 
has been set for early next year. One 
report cites the cost of the rig to be 
above $6,000,000. 


* New offshore drilling idea has been 
advanced by John W. Mecom, Hous- 
ton, Texas, independent operator. Me- 
com is drilling from a submersible 
drilling barge supported by a 1400-ton 
floating dry dock. The dry dock, pat- 
terned after the Navy repair vessels 
first used in World War II, is highly 
mobile in that it can pick up the drill- 
ing barge and carry it to any location 
in water from 10 to 40 ft deep, then 
cradle it securely during drilling and 
completion operations. Mecom may 
well get several opportunities to test 
the rig’s flexibility and safety advan- 


Rotary Rigs Operating in Oil Fields of United States and Canada* 





Mey 71 May 28 June 4 June 11 

Alabama 9 10 10 11 
Arkansas 14 14 13 16 
Arizona 0 1 1 
California 127 119 §=6©125 
Colorado 58 5 60 60 
Florida 0 
Georgia 0 
Iinois 93 
Indiana 7 
lowa 0 
Kansas 174 
Kentucky 12 
North Louisiana 75 
South Louisana : 376 
Total Louisiana ‘ 451 
Maryland 0 
Michigan 10 
Missouri 1 
Montana 3 45 
Mississippi 18 
Nebraska ; ‘ 37 
Nevada 0 


May 721 May 28 June 4 June 1! 
New Mexico 152 150 
New York 
North Carolina 
North Dakota 
Ohio 
Oklahoma 
Oregon 
Pennsylvania 
South Dakota 
Tennessee 
Texas Gulf Coast 
West Texas 
North Texas 369 
East Texas 67 
Total Texas 1090 
Utah 15 
Washington 0 
West Virginia 3 
Wyoming 79 &2 
United States 2768 2673 2708 
Western Canada 198 220 226 
Grand Total 2966 2893 2934 3003 





*As reported to the American Association of Oilwell Drilling Contractors by Hughes Tool Company 
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> “Go west, young man; go west!’ This 
expression stands out in history as the sage 


pointed advice of Horace Greeley, famous newspaper 


editor of the nineteenth century. It 
the pointed to the advantages of the west and 
way. the opportunities of the day. 

> “Go Western” is the expression used in 
today’s oil fields to signify the advantages of 
The Western Company well completion 
services. It points the way to greater 
efficiency in logging, perforating, fracturing 
and acidizing. 


>» Next time, GO WESTERN! 


222i THE WESTERN COMPANY 


oo Vibe 


engineered well services . ; general offices: Midland, Texas 


Texas: Odessa, Seagraves, Levelland, Snyder, Lubbock, Borger Vi Oklahome: Lindsay, Healdton, Oklo. City / New Mexico: Hobbs / Kansos: Ulysses, Liberal 
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B and W Multi-Flex Scratcher 





Drilling 

tages in the coming storm season; op- 
erators say the barge can be lifted from 
30 ft of water in 90 minutes and move 
to safety. Cost of the dry dock is about 
$800,000; the total cost of drilling 
unit, complete, has been estimated to 
be above the $2,000,000 mark. 


* New offshore drilling firm has been 
organized with offices in New Orleans, 
Louisiana. Deepwater Exploration 
Company is jointly owned by Climax 
Molybdenum Company, Anderson- 
Prichard Oil Corporation, B. V. Bock 
of Wichita, Kansas, and J. H. Hester. 
Bock and Hester will guide the con- 
tract drilling operations. The organiza- 
tion will begin business with a con- 








B and W 
Automatic 
Stop Collar 


B and W 
Latch-On Centralizer 


Alsé: “B and W Multi-Flex Scratcher © Hinged) 
Nu-Goil Scratcher © Rotating Scratcher, Multi- 
Fiex type © Rotating Scratcher, Nu-Coll type 
@ Lateh-On Centralizer with Kon-Kave Bow © 
Latch-On Stabilizer © Stabilock 


Bw 


Well Completion Specialists 


f AS we 





a _ 
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Another Exclusive 
JENSEN Feature... 


---DOUBLE GEAR 
REDUCTION 


JENSEN JACKS perform better 
because they're engineered better. 
One example is the exclusive 
Double Gear Reduction designed 
with the second stage main gear of 
large diameter, reducing tooth pres- 
sure and affording greater flexibility 
of gear ratios. You can change from 
single to double or from double to 
single quickly and easily. See your 
JENSEN Dealer or write us now. 


JENSEN BROS. MFG. CO., INC. 


Coffeyville, Kansas, U.S.A. 
Export Office: 25 Brood St., New York City 








verted LST and a diesel-electric rig 
rated for 15,000 ft drilling. First con- 
tract is with Anderson-Prichard on a 
location in Block 39 Vermillion-Cam- 
eron off the coast of Louisiana in 45 
ft of water eight miles off the coast, Ex- 
pected spudding-in date is July 15. 


% New Drilling regulations have been 
adopted by the Kansas Corporation 
Commission requiring operators to file 
notice of intention to drill. The notice 
must be made before rigging up is 
started. The new ruling is similar to 
those now in existence in Texas and 
Oklahoma. 


* Lots of hole was made in one tour 
by a drilling crew of the Precision 
Drilling Company on June 9. In eight 
hours one crew drilled 2290 ft of hole 
in the Midale field of Saskatchewan. 
This breaks the previous record of a 
Shell Oil rig in the same field by 
18 ft. As far as is known, this is the 
record in Western Canada — and 
would go a long way toward a new 
mark anywhere in the Western Hemi- 
sphere. 


* Rumors from Mexico indicate that 
Pemex intends to try some offshore 
drilling, if it is granted approval from 
President Cortinez. One source states 
that engineers are figuring the possi- 
bilities of extending the prolific Faja 
de Oro fields into the continental shelf 
off Tecolutla in the state of Veracruz. 


TION ENGINEERING 
CE INCLUDING 
CORE ANALYSIS 


Rely on Cable Engineering 
for competent supervision of 
your wells to assure maximum 
recovery at minimum cost. 


DM+4D>S DO WO T4—-F MOVZPZMAZ—P=z MDCHuUMIAv | 
DMHpbps DO WOPO THa-F O2-DOUWUYNNMDIMNMD 


LeuM EN. 
<qort Sime 

« *» 

° 5 


CABLE ENGINEERING 


"iva racs. * 
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...fypical of advanced design in the 
favorite of the world’s oilfields... 


A 


, Ha PUSH-BUTTON CONTROL 
en 


THE RUGGED 


EMSCQ 


ADVANCED DESIGN 6C-500 


ASSURES YOU: | 

© EFFICIENT LUBRICATION | ee G 
SYSTEM | 

© LARGER CAPACITY BRAKES (500 to 700 hp) 


© BIGGER DRUM AND 
EXCEPTIONAL 
PERFORMANCE 








A trouble-free pressure oi] system completely 
All gauges, operating valves and lubricates the rig from pump countershaft to 
push-button controls are mounted drumshaft. Larger capacity brakes, exclusively 
in a separate console to assure the | designed by Emsco, provide smooth dependable 
driller full view of the floor and | braking action. Bigger drum is 22” spool diameter 
derrick operations. by 45” long. There are many other advantages. 
| Call a Continental salesman today for bulletin and 
complete information. 


~PMSEE: 


TRADE MARK 








CONTINENTAL SUPPLY COMPANY D+8 DIVISION 
A Division of The Youngstown Sheet ond Tube Compony EMSCO MANUFACTURING COMPANY 
General Offices: Dallas, Texas Gorlend, Tex. ¢ LOS ANGELES, CALIF. « Houston, Tex. 
Representatives in all principal oil fields of the world General Soles Offices: Dalles, Texes 





RUNNING TOUR with MEN in the INDUSTRY 





> Claude F. Martin has been named divi- 
sion exploitation engineer by Shell Oil 
Company, at Oklahoma City, Oklahoma. 
Succeeding P. A. Dennie, on assignment 
to the New York office, Martin has been 
with Shell since 1946, and most hewn 
os assignment at the Tulsa, Oklahoma, 
o 


> Larry S. Melzer has resigned from 
Statex Petroleum Company in Midland, 
Texas, to enter the consulting business. 


> Craig Norton has joined William Ross 
Cabsen & Associates, Denver, Colo- 
rado, as a consultant, ng | resigned as 
petroleum engineer from seeaier Oil 
Company. 


> Ralph W. Parnell has formed his own 
company, Parnell Core Laboratories, 
Inc., at Shreveport, Louisiana. For the 
past 18 years he has been with Core 
Laboratories, Inc. 


> Millard Moor has been named adminis- 
trative assistant to the division manager 
of Sun Oil Company’s Gulf Coast division 
with headquarters in Beaumont, Texas. 
Simultaneously, R. E. Lee has advanced 
to manager of the crude oil supply and 
transportation department at Beaumont, 
the position formerly held by Moor. Lee 
pees was crude oil scout. 
ames, formerly assistant to the division 
land department manager, has moved to 
division land department manager with 
offices at Beaumont, succeeding K. V. 
er, who continucs as assistant 
division manager, Gulf Coast division. J. 
R. duPerier succeeds Lee as crude oil 
scout and Robert Wilson Jr., formerly 
regional landman, becomes assistant divi- 
sion manager of Sun's land d:partment 
at Beaumont. 


> Bruce F. Roll has been promoted to 
district production superintendent in the 
Bismark, North Dakota, production dis- 
trict for Lion Oil Company, and Johnny 
Murphy Jr., has been promoted to re- 
ional petroleum engineer at Denver, 
olorado. Roll became a petroleum en 
neer at El Dorado for Lion Oil in 19 
Most recently he was district AB wc 
engineer at Denver. Murphy was em- 
7 by Lion as a petroleum engineer 
at nver in 1954, 


> Dr. C. Gardley Moon, a geologist with 
the Humble Oil and Kefining Company at 
Wichita Falls, Texas, has joined the 
faculty at the University of Oklahoma as 
an associate professor of geology. Dr. 
Moon has had wide exp2rience in teach- 
ine and oil company work and since 1949 
has been with the Humble Oil and Re- 
finine company. He spent several months 
in Alaskan field work in 1955. At OU 
Dr. Moon will specialize in teaching 
structural geology. 


> T. M. Rodzers and J. A. Seglund have 
become associated for the practice of con- 
sulting in oil and gas exploration and de- 
velopment in New Orleans. Louisiana. 
Durine their careers, they have both been 
associated with The Texas Company. 
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> L. W. Calahan has been promoted from 
division geologist to assistant division 
manager, Louisiana division, producing 
department of The Texas Company. W. 
W. Moore Jr., senior geologist, Louisiana 
division, will succeed Calahan. 


> Donald I. Gahagan has resigned his 
position as research geologist for Pan 
American Production Company to be- 
come associated with C. N. Housh, Hous- 
ton, Texas. He had been with Pan Ameri- 
can for eight years on the Texas Gulf 


> Ted W. Ballard has been appointed di- 
rector of geological surveys for the Ameri- 
can Minerals Explo- 

ration Company, 

where he will work 

in correlating and in- 

terpreting the find- 

ings of A. M. E. C.’s 

new aerial photo-ra- 

diometric survey 

unit. Before joining 

A. M. E. C. Ballard 

completed an exten- 

sive study for Hum- 

’ ble Oil & Refining 
led W. Ballard Company and the 
Standard Oil Company of New Jersey. 


> Walt Dobbs, petroleum engineer, has 
been elected president of Oro Negro Drill- 
ing Company, Havana, Cuba, succeeding 
Lincoln @. Vai Valentine, a Cuban oil explora- 
tion pioneer, Dobbs is also vice president 
of Pan Cuba Oil & Metals Corporation, of 
which Oro Negro Drilling Company is a 
subsidiary. 
Prior to his election Dobbs was asso- 
ciated with the L. T. Burns Estate as en- 
gineer in charge of production. 


> Humble Oil & Refining Company has 
announced these changes in its production 


troleum engineer, 
Southwest Texas division office, was pro- 
moted to senior petroleum engineer, and 
D. M. Stewart, supervising petroleum en- 
gineer, Southwest Texas division office, 
was promoted to assistant division petro- 
leum engineer, Southwest Texas division. 
y N. Reavis, supervising petroleum 
engineer, North Texas division, promoted 
to assistant division petroleum engi- 
neer, replacing C. W. Armstrong, Jr., 
who became assistant district superinten- 
dent of Winters district. R. G. Tonkin, 
district supervising petroleum engineer, 
Stratton district, Southwest Texas divi- 
sion, was made assistant district superin- 
tendent at Hobbs District, Western divi- 
sion. 

S. L. Kennedy Jr., junior petroleum en- 
gineer, Kelsey district, Southwest Texas 
division, was promoted to associate petro- 
leum engineer. V. R. Sage, associate petro- 
leum engineer, Government Wells dis- 
trict, Southwest Texas division, was pro- 
moted to petroleum engineer. C. J. 
Wooley Jr., supervising petroleum engi- 
meer, petroleum engineering division, 
Houston office, transferred to the Strat- 
ton district as district supervising petro- 
leum engineer. 


> R. B. Stouse, formerly with Continental 
Oil and Hampton Oil. has opened an office 
as consultant at Salem, Illinois. 


> Rollin Eckis, vice-president and man- 
ager of exploration for Richfield Oil Cor- 
poration since 1954 has been elevated to 
executive vice president. He has been as- 
sociated with Richfield since 1937, as a 
district geologist, assistant chief geologist, 
and chief geologist in 1946. 


> Raymond B. Kelly, Pure Oi] Company 
vice president in charge of exploration and 
production was named a member of the 
company’s executive committee. He has 
been with Pure 31 years and a director 
since 1954, 


> John N. Huber, former district geologist 
for Tidewater Oil Company at Casper, 
Wyoming, has resigned and opened his 
own Office there as an independent geolo- 
gist. 


>Wayne O. Watts, former first vice presi- 
dent, assumed presidency of the North 
Texas Oil and Gas Association, succeed- 
ing D. C. Norwood, president for the past 
two years. 


> Rufus M. Smith, geologist for Conti- 
nental Oil Company in the Los Angeles, 
California, area since 1948, has been 
promoted to manager of production in 
Conoco’s western region. 


> Sinclair Oil & Gas Cofnpany announced 
the following appointments for its newly 
created Midland, Texas, division. Floyd 
Brett, former Fort Worth, Texas, division 
manager is the new Midland manager. 
Loren L. Ware, assistant manager, also 
was transferred from Fort Worth, where 
he was division exploration superin- 
tendent. 

Richard C. Frawley, district landman 
for Sinclair since 1954, was promoted to 
division exploration superintendent. John 
B. Etnyre, former geologist in the New 
Orleans, Louisiana, office, was transferred 
and promoted to division geophysicist. 
John K. Lydecker, former district geolo- 
pst. now —— the division geologist, while 

erbert F. Def . production engi- 
neer, has been named division production 
superintendent. 

Fred C. Rogers transferred from Fort 
Worth as gas and gas products division 
superintendent, as did William J. Rogers, 
who transferred as division petroleum en- 
gineer. 


> James H. Anderson has been appointed 
manager of gas project development by 
Southwest Gas Producing Company, Inc., 
to be in charge of the new office opened 
in Shreveport. He was formerly employed 
by Mississippi River Fuel Corporation of 
St. Louis as manager of gas supply. 


> Robcrt W. White has been named 
president and general manager of Trans- 
Era Petroleum, Inc. In addition, he will 
also be a member of the company's board 
of directors. Formerly White was the head 
of the Garvey Drilling Company. 


> Lawrence W. Smith has been named 
assistant laboratory manager of Darrell 
W. Smith Company, core analysis and 
mineral assay firm, which serves the 
Permian Basin. Smith was formerly em- 
ployed by Amerada Petroleum Corpora- 
tion as district engineer in Midland, Texas, 
and had been with Amerada for the past 
seven years. 
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Deep Penetrating M-3 Guns 
Regularly Used to Perforate 
Toughest Limestone 


McCullough M-3 Bullet Perforators 
firing improved Ogival Bullets are be- 
ing used regularly to gain effective 
penetration in one of the deepest pro- 
ducing fields in Canada. 

These wells range in depth from 
8900’ to 9100’. 5%” O.D. 15.5 Ib. or 
17 lb. casing is cemented in 9” hole. 
Producing formation is the tough Mis- 
sissippian Limestone with variable 
porosity, much of it below 10%, and 
with low permeability. 

3%” O.D. M-3 Guns are used, firing 
a uniform pattern of four holes per foot, 
and resulting in fine producers. 

McCullough M-3 Bullet Perforators 
are called upon again and again to do 
the toughest jobs. Solid steel gun bodies 
that give great strength and permit the 
use of the most powerful perforating 
powder loads, simultaneous firing that 
provides a uniform hole pattern and 
utilizes the full power of the gun on 
every shot, and improved Ogival Bul- 
lets are a few of the reasons why you 
get deepest penetration. 

For best results, call for McCullough 
M-3 Guns, “hardest shooting bullet 
perforators in the world.” 


Solid Steel M-3 Guns Chalk-up 
Amazing Record Breaker 


Powerful McCullough M-3 Guns Fire 
9738 Improved Ogival Bullets 
in One Well—One Job—Rig Time, 117 Hours 


McCullough gun perforating crews, using hard shooting, deep pene- 
trating M-3 Bullet Guns, have again broken their record for shooting the 
most holes in one well on a single job—and turning in a fine producer, 
to boot! 

9738 improved %/’ Ogival Burrless Bullets were fired in several pay zones. 
Total depth was 9510 feet and 7” O.D. 26 Ib. and 29 Ib. N-80 casing had 
been cemented through the productive intervals. Guns used were the 4%’ 
O.D. M-3 Bullet Perforators ...the world’s best! 

The well started flowing after perforating began and made 1700 barrels 
of oil during the job. A blowout preventer had to be used to keep the well 
under control, indicating the extent of the problems overcome to accom- 
plish this all-time record. 

Records like this can only be established by M-3 Bullet Guns; the 
original solid steel bodied bullet guns that fire all shots at one time and 
gain deeper penetration than any other bullet gun. These guns save valu- 
able rig time on any perforating job. On jobs over 100 holes the saving 
is substantial. On this record breaker the 
operator realized a tremendous saving; 
McCullough crews fired an average of 
83 burrless bullets per hour. 

All 9738 bullets shot in this well were 
improved ogival McCullough Burrless 
Bullets. The entire perforated zone was 
scraped on a single run. The scraper 
came out without a scratch—no damage 
from burrs or bullets; and the zone 
washed perfectly! 

This entire operation was as smooth as 
silk—a fine tribute to the skill and ef- 
ficiency of McCullough gun crews and 





More power, deeper penetration, simultaneous firing, 
uniform hole pattern—all combine to get the results you want— 
MORE OIL! Always specify McCullough M-3 Bullet Perforators. 


Mir Callough TOOL COMPANY 


Cable Address: MACTOOL 


THE PETROLEUM ENGINEER, July, 1956 





to the excellent completion program es- 
tablished by the oil company’s engineers. 
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Running Tour 


> Ralph T. Hanson has been appointed 
assistant manager of production for Con- 
tinental Oil Company's A tr ear re- 
gion, with headquarters in Fort Worth, 
Texas. 

With Conoco since 1934 and formerly a 
member of the western region > 
succeeds S. V. McCollum, who recently 
transferred as uction manager for 
the company’s CATC marine region. 


> Edmund E. McCurtain was promoted 
to district engineer for British-American’s 
southern district with headquarters at 
Houston, Texas. He has been with the 
company since 1951. 


> W. M. Schul, district superintendent of 
the Cut Bank, Montana, district of Phil- 
lips Petroleum Company's Northwest pro- 
duction division was to division 
superintendent at Denver, Colorado. He 
replaced Claude E, Peavy, who resigned. 

W. L. Kitsman, presently assistant divi- 
sion superintendent of the western divi- 
sion, Midland, Texas, was advanced to 
district superintendent at Cut Bank, re- 
placing Schul. With the company since 
1920, Schul became Cut Bank superinten- 
dent in 1955, Kitsman reached his former 
position after 20 years’ service with 
Phillips. 


> A. E. Pettit, petroleum consultant and 
former assistant to the president of Louis- 
iana Land and Exploration Company, has 
been named staff geologist for Sohio Petro- 
leum Company at New Orleans. 





> Arch H. Rowan, producer-contractor, 
has been elected “Outstanding Citizen” of 
Fort Worth, Texas, and has been pre- 
sented the Golden Deed Award of 1955 
by the Exchange Club. 


> Michel T. Halbouty, petroleum engi- 
neer, geologist, and ne eeainat oil op- 
erator, has been elected president of the 
Petroleum Club in Houston, Texas, suc- 
ceeding W. O. Bartle. Other officers elected 
recently were Wilbur L. Ginther, first vice 

nt; Yost, second vice 
president; Logan H. Bagby, Jr., secretary; 
A. L. Selig, treasurer; and B. G. Martin, 
assistant secretary and trasurer. Three 
new directors were also elected, George 
C. Hardin, Jr., Bagby and Selig. 


> S.R. Cross, division geologist for Conti- 
nental Oil at Wichita, Kansas, has been 
promoted to assistant regional geologist at 
Oklahoma City, Oklahoma, replacing T. 
P. Warren, who was promoted to regional 
geologist. 


> H. R. DeVinna, Central Exploration 
Company, Inc., has been transferred from 
the Kansas district to Oklahoma City, 
Oklahoma, as division manager. 


> Joseph R. Enloe, petroleum engineer 
with Amerada Petroleum Corporation, 
has transferred from Seminole, Texas, to 
Tioga, North Dakota. 


> Frank Darden has been appointed re- 
servoir engineer for the Newmont Oil 
Company. He was formerly the reservoir 
engineer for Empresa Colombiana de 
Petroleos, El Centro, Colombia. 


> J. E. Goslime, general manager of 
Standard of California’s producing de- 
partment, was initiated into honorary 
membership at an April meeting of the 
SC chapter of Pi Epsilon Tau held in Los 
Angeles, California. 


> Richard R. Von Hagen, Oil Producers 
Agency president for the past year and 
president of Lloyd Corporation, was re- 
elected for a second one-year term at the 
agency's annual meeting. Other officers 
re-elected are: F. W. Borden, vice presi- 
dent of Mg ty ae Oil Com- 
pany, W. H. Geis, consultant, and H. D. 
Cambell, president of Franco Western Oil 
Company, vice presidents: 8S. E. Cavan- 
augh, vice president of Pacific Western Oil 
Company, secretary-treasurer; Verne Har- 
rell, vice president of Bankline Oil Com- 
any, assistant secretary-treasurer. Stark 
ox was re-elected vice president. 


> Radford H. Hope, with Gulf Oil Cor- 
poration for more than 35 years, has re- 
tired. His last position was division unit 
head in charge of production records in 
the Fort Worth, Texas, office. 


> Charles W. Porter has been appointed 
district geologist for Trico Oil & Gas 
Company at Bakersfield, California. He 
formerly was Tidewater Oil Company re- 
search geologist. 


> W. W. Griffith Jr., formerly with The 
Atlantic Refining Company, has been 
named division engineer for Gibraltar Oil 
Corporation at its West Texas head- 
quarters in Midland, Texas. 


> Douglas R. Kennan Jr. has joined Gulf 
Coast Leaseholds, Inc., at Houston, Texas, 
resigning as senior geologist for Sinclair 
Oil & Gas. 


> Dr. Gerhard Oecertel, prominent Euro- 
pean geologist, has been appointed an as- 
sociate professor of geology at Pomona 
College, California, for the academic year 
beginning in September, 1956. 


2s ance tes 


TAILOR-MADE TO FIT YOUR REQUIREMENTS 


Whatever your needs, you'll find a Hercules Split Cone Packing Ring for every 
pumping condition. They are used exclusively in all Hercules Duplex Polished Rod 
Stuffing Boxes and they practically eliminate friction. Given proper adjustment and 
usage they give phenomenal service. 


HERCULES SPLIT CONE PACKING RINGS are manv- 
factured in three compositions. Choose Hercules Hard 


HER 


f 


HLES 


pockinc Ries 


Cone Packing for steel polished rods only on wells 
which pump oil constantly. Use our Soft Cone Packing 


Rings with bronze polished rod liners, or where wells 
pump intermittently. Select Hercules Special Lubri- 


B 


cated Cone Packing for adverse conditions where 
wells pump off for long periods of time. 


Rings are packed four to a box and are available through 
your regular supply store. 


GENERAL OFFICES AND PLANT 


ou 


Export Representative: Oil Field Equipment Co., Inc., 


TULSA, OKLAHOMA 
30 Church Street, 
New York 7, N. Y. 
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sees more—tells more 


ANOTHER NEW SERVICE DEVELOPED BY SCHLUMBERGER 
— THE COMBINATION INDUCTION-ELECTRICAL LOG 


This new service incorporates advantages given only by the Induction 


Log while retaining important features of the Electrical Log. 


The Induction Log... 


®@ has none of the lags, shadow zones and reflection 
peaks associated with the long normal and lateral 
curves 


This New Service 
Combines 
These Curves: 


i hi . 
gives more detail on thin beds Electrical Log 


: . ; Spontaneous Potential 
is less influenced by the invaded zone 16” Short Normal 


is less influenced by the mud column 


gives greater accuracy in low resistivities and in true 16” Amplified Normal! 
resistivity determinations 

provides more accurate determination of oil water 
contacts 


Induction Log 


40” Resistivity 
40” Conductivity 


The combination is a more easily used log for quick analysis 
or detailed study—and with fewer resistivity spacings. 


SCHLUMBERGER THE EYES OF THE OIL INDUSTRY 


WELL SURVEYING CORPORATION 





The most advanced 
rotary slips 
in the industry... 





BAASH-ROSS “DU” ROTARY SLIPS 
are top choice among oil men 


Because... 


1. Their flexibly-hinged unitized design in- 
sures a uniform, full-circumferential grip on 
every setting. 

2. Size for size, they are the lightest, best 
balanced slips available, and are easiest for 
the crew to handle. 

3. Unique segmented liners (each 4” long) 
are easy to replace, can be re-positioned for 
longer wear, give a safe grip that will not 
damage pipe. For maximum simplicity and 


economy in stockroom, same segments fit 
both “Regular” and “Long” bodies. 

4. By simply changing liners, same body fits 
wide range of pipe sizes. (Only two body sizes 
needed to fit all tubing, drill pipe and casing 
from 2%" through 7* O.D.)! 

5. Two lengths —12* (Regular) for wells to 
8000’ deep. 16” (Long) for deeper wells—cover 
all requirements, including the longest and 
heaviest drill strings. 





“Floating Hinge” 
rigidly maintains 
vertical alignment, 
permits lateral 
adjustment to 
irregularities. 


Safety handles 
protect crew 
against injury. 


Scientifically-cored | Standardized liner 
backs minimize segments are 
weight without easily replaced. 
reducing strength. 


BAASH-ROSS TOOL COMPANY 


DiviSiOon OF JOY MANUFACTURING COMPANY 
Los Angeles, Calif. + Houston, Texas + Odessa, Texas + Oklahoma City, Okla. + Casper, Wyo. + Olney, Ill. « Edmonton, Alb., Canada + New York City 
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FOR LONGER PUMP 
LIFE AND LOW 
MAINTENANCE 











im wir, 





PRECISION - BUILT 


are backed by 
50 years of experience 


‘iteia 2 
oo 


— 





tt eae el 


VALVE ROD 
LOCK NUT PREVENTS 
BREAKAGE OF VALVE 
ROD AND ELIMINATES 
UNSCREWING! 





, 





50 Years of Dependability 


For more than half a century, D+B Pumps 


have met and satisfied the most exacting Lower lock nut also prevents 
requirements of oil operators everywhere. valve rod breakage and allows 





Proven Design 

Advanced design, backed by constant 
research and improvement, has been tested 
and proven under every possible condition 
in the oil fields of the world. 





Better Fit and Performance 

Precision manufacture by expert workmen 
using the best materials insures better fit 
and superior performance. 





Serving the Oi! ond Gos industries 


Pump Shop and Field Service CONTINENTAL SUPPLY COMPANY 


A Ovvissen of The Youngetows Sheet ond Tube (ompon, 





Expert service when you need it is avail- General Offices: Dalles, Texas 
able on a 24-hour basis from Continental Le 
Supply and D+B Pump Shops and field 

men in production areas. For information 


and bulletins, call your nearest [+R 


Continental or D+B store. ic tein 


+ Over 
hue Tr 
+ Courimees 


D+8 DIVISION 
EMSCO MANUFACTURING COMPANY 
Gerlend, Tex. + LOS ANGELES, CALIF + Howston, Ten. 
Genera! Seles Offices Dolios Temes 





avoids 
trouble 


HALLIBURTON’S EXPANDING SHOE PACKER 


Easier, faster and more successful testing results 
from the Packer that's built to avoid trouble 


Less Drag in and out of Hole 


... because the amount of drag is decreased by using a smaller diameter 
Packer than would normally be required. 
... because pulling and jarring to release the Packer are minimized. 


Comes out of Hole intact 


... because the Packer is prevented from extruding around the lower 
shoe. This eliminates the necessity of having to pull the lower shoe 
through the Packer to get loose. Less rubber is left in the hole. 


Fewer Misruns... More Successful Tests 


...excellent condition after use shows that Halliburton’s Expanding 
Shoe Packer can be set and re-set until a satisfactory test is completed. 
The function of the lower shoe is to support the overflow of the Packer 
and prevent it from thrusting out beyond its working limits. Unique 
design substantially reduces the load on the Expanding Shoe which is 
constructed of oil-resistant, heat-resistant rubber, much harder than 
the rubber packer it helps to support. 


These are but a few of the field-tested reasons why Halliburton’s 
Expanding Shoe Packer offers an effective solution to many testing 
problems under the most rugged deep hole conditions. Next time, use 
the Packer that’s built to avoid trouble... phone your local or district 
office of the Halliburton Oil Well Cementing Company. 


COMPLETE DATA SENT ON REQUEST— Add this valuable information to your Halliburton Service File 


HALLIBURTON restine service 
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RECTOR Dual-String Hanger Flange 


ao Simolicity and Flexibility, plus 
Outstanding Simplicity and Flex! 
the FAMOUS Rector Metal-to-Metal Seal 


SIMPLICITY: The flange has two full opening 
tapered bores in which the strings are sus- 
pended by threaded mandrels. This eliminates 
mating and sealing two tubing hangers in a 
single, large bore. Each string can be sus- 
pended, temporarily sealed, and held down 
independently of the other assuring maxi- 
mum ease of installation with complete con- 
trol of well. 

FLEXIBILITY: Regular 2” API upset tubing can 
be run or pulled through the bores in the 
flange. 

METAL-to-METAL SEALS: Each mandrel is 
independently sealed by a metal seal ring in 
the groove at the junction of mandrel and 
flange. This metal-to-metal sealing arrange- 
ment also acts as a hold-down. “O” Rings on 
the mandrel provide a temporary seal during 
completion and permit testing the seal after 
Christmas Tree is installed. Mandrels are 
grooved for hold-down locking screws, which 
are optional in the flange. 


¢ Rector Dual-String Hanger Flanges are 

available in Nom 6 and Nom 8 sizes in any Off-Set Adapter Spool permits use of 

series. Mandrels are interchangeable. regular preventer equipment with align- 

" : os sy sas ment directly over each individual bore 

Ay rere gee simplicity Len Mae rece | while susuinn ond pull Een tes 

of dual-string suspension, p us the meta ° first string is run, Adapter Spool can be 

to-metal seal that never requires mainte- rotated to center directly over the other 

nance or ae specify a Rector bore. 

Dual-String Hanger Flange in your dual 

completion Christmas Tree. , 








on-the Z B 


off-shore 
platform 


lurbodies supply reliable 
generator power 
This mobile off-shore platform of the Zapata Off-Shore Company of 
Houston, Texas, has two engine generator sets to supply auxiliary 
power. A 1200 rpm Model NKDBS Waukesha Turbodiesel powers 


each of these 200 KW, 3-phase, 120/208 volt generator sets which 
are built by the Reagan Equipment Co. of New Orleans, La. 


The Waukesha NKDBS is a 6-cyl., 1905 cu. in., counterbalanced 
crankshaft, turbo-supercharged Diesel. A rugged, compact engine, 
it has lively acceleration, clean burning, prompt starting, and great 
overall economy. Waukesha’s exhaust turbocharger system, unique 
patented combustion chamber, and design 
features proved in many years’ service 
provide smooth, extra power—up to 
368 hp in this NK Series Turbodiesel. 

Send for Bulletin 1634. 


. 


WAUKESHA MOTOR COMPANY, WAUKESHA, WISCONSIN 


New York Tulsa ° Los Angeles 
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...triumphs of counter-balance, 
weight lifting and endurance 


Throughout the oil producing areas of the 
world, you’ll find dependable, economical, easy- 
to-adjust EMSCO Pumping Units doing their 
job, day after day, month after month, year 
after year. Due to patented, rotary counter- 
weights, one man, working at ground level, 
can quickly, safely and easily adjust them. 
Precision-cut herringbone gears mounted on a 
rigid one-piece housing with an automatic posi- 
tive lubrication system spell long service and 
economy. There are many sizes and styles of 
EMSCO Pumping Units for shallow, medium 
or deep pumping. 





The rugged 
acrobats of 
the oil fields 


EMSCO 
UMPING UNITS 


i 
f\ 
= 


aX = 


EMSCO MANUFACTURING COMPANY 
Gorland, Tex. « LOS ANGELES, CALIF. « Houston, Tex 
General Soles Offices: Dallas, Texos 


I cule PROBUCT 
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FITS YOUR NEEDS 
> oe me Se 


Fig. 100 
000 psi 
Sizes: 2''-8" 


Fig. 400 Fig. 400 
4000 psi si 
Sizes: 6"'-12" Sizes: 2"'-5¥e"" 


Whether it’s for high or low pressures on rig connections 
or production hook-ups, one of these Weco Unions, in sizes from 


1” to 12”, pressures from 1000 to 15,000 psi, is designed to do 
the job better . . . last longer . . . cost less in the long run. 


Weco’s ball and cone seat is unmatched for dependable 
leak-proof connections. The rugged Acme threads make-up 
and break-out fast and easy. The sturdier construction of Weco 
Unions takes the toughest service as a matter of course. They 


are available at supply stores everywhere. 


WELL EQUIPMENT MFG. CORP. 


HOUSTON, TEXAS 





Division of CHIKSAN COMPANY a subsidiary of 
FOOD MACHINERY AND CHEMICAL CORPORATION 








ALTEN PUMPING UNITS 


Thousands of ALTEN Units—operating for years with low, low cost records 
—Are Pumping Their Way to Leadership. Put them to work for you! 


Available in all sizes: small beam balanced, beam and crank 
balanced, or medium and large types with the ALTEN 
screw-type adjustable counter balance. You can be sure of 
peak performance with every model in each series. 


Ask your independent supply store or write ALTEN for 
latest catalogue and engineering information. 


A FULL LINE OF 47 1 Ly — 
MODELS AND TYPES | | aly | 
_ Aloe 


WORLDWIDE DISTRIBUTION % Machine Works, Inc: 
ac 
THROUGH SUPPLY STORES Foundry & Moen, OHIO 
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the core! 





It looked good . . . well logs indicated an interesting 
formation... cuttings showed traces of oil could 
be right on pay structure, but nature had played havoc 
with this formation. Getting core was like pulling teeth 
from a grizzly. The rock was hard and fractured, it 
would disintegrate under any rough cutting action and 
jam the barrel if recovered. Alternating with the hard 
rock was soft material that would be washed away if 
exposed too long to the drilling fluid 

It took twenty cores to cut 272 feet. The longest 
core taken was only 25 feet, but what we lost in trips 
we made up for in penetration rate... from 2.18 to 


] | \ 4 . ] 5.40 feet per hour. 
The smooth cutting action of the diamond core 
PR 1 |) AR head obtained core we'd have lost otherwise. With a 
stable inner barrel little core was lost because of fric 


1937 SOUTH 2nd WEST SALT LAKE CITY UTAH tion grinding and the short interval between bit and 
inner tube saved the soft core from being exposed too 

Only diamond coring equipment long to the drilling fluid. 
Out of the 272 feet cut, over 82% was recovered 


gives you the greatest amount of core recovery 
6 d . . 
Enough to prove the producing potential of the well 


“To ’ lor KF ” eons 
at “Less Cost Per Foot. This performance proved to us that a tough coring 


WRITE FOR CATALOG job is a job for Christensen Coring Equipment 





CHICAGO PNEUMATIC THREE CONE ROCK BITS 


| { | 
in the making 


Oil Tool Division, Chicago Pneumatic Tool Co., 5000 U. 8S. Highway 81 South, 


Fort Worth, Texas 


© Chicago Pneumatic 


GENERAL OFFICES: 8 East 44th Street, New York 17, N. Y. 

1N MEXICO: D. R. Rosos Moreno No. 41, Mexico City, D. F., Mexico 

IN CANADA: 10103 8Ist Ave., So. Edmonton, Alberto, Canoda 

PETROLEUM MACHINERY CORPORATION: 30 Rockefeller Plaza, New York 20, N.Y. 
(Export Agent, exclusive of Mexico and Canada) 


JUNK BASKETS 
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the Refining Refining 
A ryer , Petroch ical 
BT 6 64 a 
Gas Processing 


Cold Country operators naturally consult 
Stearns-Roger when an expansion or a new 
plant facility is projected. Our long experience 


covers a wide degree of climate protection— 


4 a ° 
~~ partial enclosure, full protection to 60° below 


zero, complete dry cooling. Every size job gets 


: full S-R attention ...a single compressor or a 
wae 
'  & 


| . 
4 - 
‘ 


- 
4 major gas processing plant. 


; 


FOR DESIGN, ENGINEERING, FABRICATION, CONSTRUCTION Stearns 
” er 
—ALL WITHIN ONE ORGANIZATION... Jake a up with + 
DENVER + SALT LAKE CITY + HOUSTON + EL PASO 
STEARNS-ROGER ENGINEERING COMPANY, LTD., CALGARY 
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DESIGN ADDITIONAL SERVICE LIFE 
INTO YOUR PROCESS HEATERS 


.. with BzcW TUBING 


Long service life of process heater tubing for the 
oil refining and petrochemical industries dictates 
selection of a B&W Croloy to insure maximum 
corrosion and oxidation resistance, and fully sat- 
isfactory handling of unusual temperature and 
pressure conditions which may arise. Mr. Tubes 
—your friendly link to BkW—has facts and figures 
to help you choose the best tube for the job. Get 
in touch with him to discuss your heater tube re- 
quirements, for both original equipmentand main- 
tenance. The Babcock & Wilcox Company, Tub- 
ular Products Division, Beaver Falls, Pa. TA-6062(P) 








Seamless and welded tubular products, seamless welding fittings and flanges—in carbon. alloy and stainless steels 
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The application of these four units has re- 
duced inspection costs in major degree; 
choice of unit used depends on conditions 


ULTRASONICS 





Dwight J. Evans 


Engineering Test Services, Inc 


ULTRASONIC thickness-measure- 
ment equipment, when used by trained 
personnel, provides a practical field 
method of obtaining large numbers of 
accurate thickness readings at a com- 
paratively low cost. Classification of 
signal strength provides a qualitative 
analysis of the condition of the oppo- 
site surface as to degree of pitting, etc., 
provided that other variables, such as 
surface and transducer contact, are 
relatively uniform. Tests can be made 
while the equipment is in operation, 
provided that there is access to one 
side, and temperature does not exceed 
about 400 PF. 

Other ultrasonic test equipment is 
being used successfully for detection 
of fatigue cracks, and internal defects. 
Present equipment is not specifically 
designed for portable applications, 
such as are encountered in refineries 
and petrochemical plants. A simplified, 
easily portable instrument is needed, 
and should be available soon. There 
is also a need for more elaborate auto- 
matic systems, with provision for ac- 
curate scanning and recording, for ap- 
plications such as rapid testing of 
welds, strings of drill piping, etc. 

Non-destructive test instruments are 
now generally accepted for inspection 
and measurement problems in the oil, 
refining and petrochemical industries, 
and their use has resulted in increased 
savings and efficiencies for the opera- 
tors concerned. Applications include 
*hickness measurement of steel plates 
or piping when there is access to only 
one side, detection of hidden fatigue 
cracks in pumps, engine components, 
etc., often without disassembly, and the 
testing of welded seams.' 

A number of different types of non- 
destructive test instruments have been 
developed and applied to the various 
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problems. The basic principles of 
operation involve electrical current 
conduction methods, electro-magnetic 
or magnetic particle devices, Gamma 
or X-Rays, or mechanical vibrations, 
termed ultrasonic if the frequency is 
above that of sound waves. Gamma 
Ray, Magnetic Field, and Ultrasonic 
instruments or techniques have been 
found most practical for the more com- 
mon applications. Each type has its 
own advantages and disadvantages, and 
application for which it is best adapted. 
In this paper, however, ultrasonic in- 
struments, techniques, and applica- 
tions, particularly those for flaw detec- 
tion and metal thickness measurement, 
will be described. 

Ultrasonic thickness measurement is 
one of the most widespread applica- 
tions, since there has long been a need 
for a rapid and accurate means of in- 
specting for corrosion damage. In the 
past, when corrosion was inspected, 
the only means available for accurate 
thickness measurement of piping, pres- 
sure vessels, etc., was to remove the 
equipment in question from operation, 
drill a hole, caliper, and re-weld. This 
procedure is now largely replaced by 
non-destructive measurements, either 
by the plant personnel or by specialists 
offering this service. The comparatively 
large amount of data obtained provides 
a practical means of determining corro- 
sion rates, evaluating the effectiveness 
of various corrosion control methods, 
etc. The cost of inspection is reduced 
greatly when compared to drilling, 
calipering, and re-welding, and often 
makes possible the inspection of points 
that could not otherwise be measured 
because of safety limitations, taking 
equipment out of operation, danger of 
increased corrosion in the weld area, 
etc. In general, cost per reading is 10- 
20 per cent that of drilling, not includ- 
ing savings resulting from the reduc- 
tion of “down time,” which is often far 
greater than the other savings. 


las Lylecing ‘ 
Bin gdineey 


exciwsivwve 


Ultrasonic flaw detection is rela- 
tively new but is proving to be a 
valuable inspection tool, either as a 
supplement to other types of equip- 
ment or as a primary inspection meth- 
od. In some applications, such as the 
detection of cracks deep in the interior 
of a large forging whose dimensions 
exceed the range of most X-ray equip- 
ment, ultrasonics is the only practical 
answer. In others, such as the loca- 
tion of fatigue cracks in shafts or bolts, 
discontinuities in welds, etc., ultra- 
sonics provides a comparatively inex- 
pensive means of inspection. Disas- 
sembly of equipment is usually not 
necessary, since a thorough inspection 
can often be made from only one ac- 
cessible side. In still other applications, 
ultrasonic equipment and techniques 
have not progréssed to a point where 
they offer a practical solution to the in- 
spection problem; for example, the de- 
tection of corrosion fatigue cracking in 
the ID of used drill pipe and the detec- 
tion of some types of flaws in new 
pipe. These defects can usually be lo- 
cated with presently available equip- 
ment, but the inspection time required 
is prohibitive. As experience is gained, 
techniques improved, and specialized 
automatic, high-speed, scanning and 
recording equipment developed, ultra- 
sonics will become an even more valu- 
able tool. 

Ultrasonic cleaning and emulsifying 
processes are very new and growing 
rapidly, particularly for cleaning of 
small precision parts. Cleaning is ac- 
complished by directing the sound 
waves (usually on the order of 40,000 
to 500,000 cycles per second), through 
a liquid solvent in which the parts to 
be cleaned are immersed. The silent 
vibrations loosen all dirt, oil, and 
grease particles from tiny openings and 
crevices. Cleaning is extremely rapid; 
for example, a bearing manufacturer 
has cut cleaning time 80 per cent by 
ultrasonic cleaning. Comparable sav- 
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Fig. 1. Sensitivity versus apprecia- 
tion. Note that the appreciation 
at any given sensitivity level in- 
creases with lead concentration. 
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Blending Hydrocarbons for 
Maximum Octane Potentials 


By F. D. BUERSTETTA 
Ethyl Corporation, Detroit, Mich. 


The manufacture of high-octane gas- 
olines to meet today’s and tomor- 
row’'s automotive demands is putting 
increasing pressure on the refiner.To 
sccet these requirements, the avail- 
able hydrocarbon components in the 
refinery must be blended to best ad- 
vantage to give maximum perform- 
ance on the road. 


Each octane number at the 100- 
octane level may cost as much as 15 
to 20 cents per barrel. Thus there is 
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a marked incentive for insuring that 
every laboratory octane number, ob- 
tained at this great expense, pro- 
vides corresponding antiknock per- 
formance in cars on the road. 


Hydrocarbon blends studied 


As part of a continuing Ethyl Re- 
search program to establish the fun- 
damentals of laboratory versus road 
antiknock quality, a study was re- 
cently conducted in which the be- 
havior of blends of pure C; and C, 
hydrocarbons was examined. 


Within this C;-C, range, the four 


hydrocarbon types — olefins, 
paraffins, naphthenes and aromatics 
—were blended in varying propor- 
tions. Actually, a mixture of iso- 
octane and n-heptane was used as 
the paraffin constituent to permit 
maintenance of a constant Research 
octane number while investigating 
the effects of tetraethyllead concen- 
tration and variations in hydrocar- 
bon-type composition. Toluene, di- 
isobutylene and methylcyclohexane 
were selected to represent the aro- 
matics, olefins and naphthenes, re- 
spectively. Each of these hydrocar- 


basic 
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Send for your free copy of a technical paper entitled “Octane 
Possibilities with C7-Cg Hydrocarbons” by F. D. Buerstetta and 
T. W. Warren. Address your request to Box 22, Ethyl Corporation, 
100 Park Avenue, New York, N.Y. 








bons was blended in concentrations 
of 20, 40 and 60 per cent by volume 
with the proper paraffin mixture, 
giving nominal Research octane lev- 
els of 92, 96 and 100 at each of four 
tetraethyllead concentrations—0.0, 
0.5, 1.5 and 3.0 ml. per gallon. 


Each blend wasevaluated in single- 
cylinder laboratory test engines and 
was then rated in the 9 to 1 compres- 
sion-ratio engine of a 1955 passen- 
ger car equipped with an automatic 
transmission.Road ratings were made 
by both the Modified Uniontown and 
Modified Borderline techniques. 


Road appreciation defined 


Some of the test results are summa- 
rized in Table 1 in terms of road 
appreciation, which is the road anti- 
knock rating of a fuel minus its Re- 
search octane number—or the bonus 
obtained in actual engine perform- 
ance over the indicated laboratory 
knock rating. 


The general analysis of data shown 
in Table 1 may permit a refiner to 
achieve better road performance than 
could be secured by using only Re- 
search octane number as a guide. It 
will be seen that aromatics should be 
maximized and olefins minimized as 
much as possible when making top- 
octane fuels. Since most of today’s 
catalytic reforming processes elimi- 


nate naphthenes through dehydro- 
genation to aromatics, consideration 
of them is somewhat academic, but 
nonetheless interesting. 


Further evaluation of the large 
quantity of test data obtained from 
this project indicates a most inter- 
esting correlation between apprecia- 
tion and the concentration of tetra- 
ethyllead. Figure 1 shows a plot of 
sensitivity versus appreciation with 
points representing the same tetra- 
ethyllead concentrations connected. 
It can be seen from Figure 1 that the 
appreciation at any given sensitivity 
level increases with lead concen- 
tration. 


Conclusions 


The general conclusions which can 
be obtained from the study are as 
follows: 


1. Best over-all antiknock perform- 
ance can be obtained by blending a 
high proportion of aromatics with 
paraffins and adding the maximum 
amount of tetraethyllead. 


2. Where low-speed knock resistance 
is critical, high aromatic content is 
necessary. 

3. Where high-speed antiknock per- 
formance is critical, high aromatic 
content is less important, but maxi- 
mum tetraethyllead concentration is 
still essential. 





Table 1. Average change in road antiknock apprecia- 
tion with addition of aromatics, olefins or naphthenes 
to paraffins in the C,-C; range. 





HOW 
Ethyl Research 


can help you 


At today’s high octane levels, 
the science of blending hydro- 
carbons has taken on more and 
more importance. As a service 
to the oil industry, Ethyl Re- 
search has launched a hydro- 
carbon blending program of its 
own to complement the inten- 
sive effort which the industry 
is devoting to this problem. 


Weare now testing many new 
blends in our laboratories and 
in high-compression engines on 
the road. Much of the data from 
these tests is being interpreted 
in terms of “road appreciation”’ 
to give refiners a better idea of 
the effectiveness of each blend. 
Write for a copy of “Octane 
Possibilities with C,;-C, Hydro- 
carbons’’—another in the con- 
tinuing series of reports from 
the Ethyl Corporation on fuel 
blending and other studies of 
vital interest to refiners today. 


For further information, just 
call your Ethyl! Representative. 
He’ll be happy to arrange an 
appointment for you with one of 
our Technical Representatives. 


Research Added Modified Modified Borderline 
Octane No. Component Uniontown low Speed High Speed 








ETHYL CORPORATION 
New York 17, N. Y. 


Loiui>>. 
KETHYLE 


| 
—— 


92 Aromatics +0.6 +1.1 +0.6 
Olefins +0.3 +1.1 —2.0 
Naphthenes +0.6 +2.0 +3.8 


Aromatics +0.9 +1.7 +0.6 
Olefins +1.6 +1.1 -3.3 
Naphthenes +2.4 +4.2 +2.7 A 


Aromatics +0.8 +1.5 -0.7 


Olefins +0.5 +0.0 -5.7 
Naphthenes +3.4 +3.7 +1.7 Research Laboratories: 


1600 W. Eight Mile Road, Ferndale 20, Mich. 
2600 Cajon Road, San Bernardino, Calif. 
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FIG. 1. Details of the Audigage instrument used normally for many thickness 


measurement. 


ings are now being accomplished in 
instrument overhaul. Processing appli- 
cations, emulsification, etc., are still in 
the laboratory stage, but offer intrigu- 
ing possibilities. As an interesting side- 
light, ultrasonic food processing, such 
as greatly accelerated aging of cheese, 
rapid pasteurization of beer, etc., offer 
the possibility of greatly reduced costs. 


Thickness Measurement 
Equipment 

An instrument generally used for 
thickness measurement, known as the 
Audigage, is shown in Fig. 1. It is rela- 
tively portable, weighs about 15 Ib, 
and is battery powered. The basic com- 
ponents of this or any other ultrasonic- 
thickness measurement device consist 
essentially of a high-frequency elec- 
tronic oscillator, one or two quartz 
crystal “transducers” to convert elec- 
trical energy from the oscillator into 
mechanical pressure waves, and vice- 
versa, and a means of measuring ex- 
tremely short time periods. Sectional 
view of a transducer is shown in Fig. 
2. The pressure waves (termed “ultra- 
sonic” or “utlrasound”) are beamed 
into the material from one side by the 
transducer, travel through the mate- 
rial at a constant velocity, are reflected 
at the opposite surface, and travel back 


GY jx" 


PLASTIC “BLOCK~_| 
__ GROUND LEAD —__ 
— SLVER FACE —~_ 

CRYSTAL-—— 


to the transducer, where they are re- 
converted to electrical waves. The 
velocity of waves through a given 
material is, for all practical purposes, 
constant, and therefore, the time re- 
quired for a wave to make the round 
trip is a function of the distance trav- 
ersed, which is equal to twice the 
thickness. Thus, if a means of meas- 
uring travel time is available, the thick- 
ness can be determined. In the Audi- 
gage, the time interval between succes- 
sive recurrences of an oscillating fre- 
quency is used as a convenient measure 
of time. If the oscillator frequency is 
adjusted to a point where the time in- 
terval between each cycle of oscillation 
is exactly equal to travel time, a wave 
interference pattern is set up and the 
oscillator power requirement is in- 
creased. The frequency is the so-called 
“resonant” frequency. 

In order to increase the thickness 
range above that corresponding to the 
frequency range of the oscillator, har- 
monics, or “multiples” of the funda- 
mental resonant frequency, can be 
used. The fundamental or resonant 
frequencies are then recorded and con- 
verted to thickness either by a conver- 
sion scale on the instrument or by cal- 
culation. High accuracy and reliability 
are obtained when the operator uses a 
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FIG. 2. A sectional view of transducer. 


slide rule to establish the authenticity 
of these frequencies (when using har- 
monics, as is usually the case), and 
then calculates thickness by substitu- 
tion in a simple time, velocity, thick- 
ness equation. Equation (h). (Thick- 
Velocity a 
ness = = ——_— or T 
mon ie oe 8 


116 
fn —f (n — 1) 

for steel, when f,, and f,,_, are in mega- 
cycles.) A capable Audigage operator, 
by using a slide rule to check resonance 
points and calculate thicknesses, will 
obtain accuracies on the order of +1 
per cent. These accuracies make pos- 
sible the determination of annual cor- 
rosion rates on the order of .010 in. 
per year. 

The signal strength or amplitude of 
“resonance peaks” is high when meas- 
uring materials with a uniform thick- 
ness, and therefore, a good reflecting 
surface opposite the transducer. It is 
reduced and broadened when the re- 
flecting surface opposite the crystal 
search unit or transducer is rough and 
pitted, since there is an exact reso- 
nance frequency applicable to each 
different thickness under the 1% in. 
crystal diameter. A skilled operator is 
able to select the approximate center 
of this resonance band, and therefore, 
an average thickness approximately 
midway between the “peaks and val- 
leys,” is obtained. A qualitative analy- 
sis as to the condition of the unseen 
reflecting surface can be obtained if 
other factors, such as scale, are com- 
parable. Signals are classified as 
“good,” “medium,” or “poor,” on the 
original data sheets. The “good” signal 
indicates a uniform opposite surface, 
the “medium” usually a slightly pitted 
surface, and “poor” a badly corroded 
surface. 

In addition to the effect that rough 
and pitted surfaces have in the reduc- 
tion of signal strength, it is also pos- 
sible to reach a point where thick- 
ness variation under the 1% in. crystal 
diameter is so great that resonance 
peaks will blend together and no defi- 
nite signals can be obtained. In gen- 
eral, when the “peak-to-valley” depth 
of pitting under the transducer exceeds 
20 per cent of the total thickness, or if 
it exceeds one-half wave (approxi- 
mately % in. in steel at one mega- 
cycle), it will be impossible to meas- 
ure thickness. In such cases, this con- 
dition is recorded, and the transducer 
moved a few inches until a definite 
resonance can be obtained. 

Accuracy is not affected appreciably 
by liquids or deposits such as coke or 
scale, on the opposite side of the plate, 
although signal strength will be re- 
duced when such conditions are en- 
countered. A portion of the sound 
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FIG. 3. The Vidigage, in which the frequency is swept through 
the appropriate spectrum electronically, and the resonance fre- 
quencies are shown on a cathode ray tube. 


waves is reflected and a portion re- 
fracted at interfacial surfaces separat- 
ing two materials that have different 
acoustical impedance, (product of 
velocity and density), such as steel 
and water, or steel and scale. The ratio 
of reflected to incident energy is a 
function of the square of the difference 
in acoustic impedance over the sum 
of these impedances. 

Since amplitude of vibration of the 
quartz crystal is microscopic, the crys- 
tal must be in intimate contact with the 
metal surface to which it is applied. A 


coupling medium between the quartz 
and steel plate, such as oil or glycerine, 
must be used to fill any surface cavi- 
ties, etc. The waves cannot be trans- 
mitted through scale and only very 
rarely through paint. Therefore, if the 
metal surface to which the crystal is 


applied is corroded, it must be com- 
pletely scaled, and any roughness re- 
moved by a “disk sander.” In general, 
about one-half of the surface under 
the 1% in. diam. transducer must be 
clean, bright, and “flat.” 

A trained, competent operator, using 
the Audigage, will obtain much useful 
data in addition to thickness measure- 
ment, as compared to thickness alone 
with some of the other types of equip- 
ment. Consequently, some industries 
use the services of a testing organiza- 
tion, whereas others find it more prac- 
tical to purchase the equipment and 
train their own personnel. In general, 
when a large number of readings are 
required at annual or semi-annual in- 
tervals only, testing services are usually 
more satisfactory. When a smaller 
number are required at more frequent 
intervals, it is usually best for the cus- 
tomer to obtain the equipment and 
train his operators. The Marine Indus- 
try (oil tank ships) incidentally, is an 
excellent example of the desirability 
of utilizing specialized services, since 
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test locations vary, large numbers of 
readings are required, and the regula- 
tory agencies involved, such as the 
American Bureau of Shipping, must 
have accurate and reliable results.* 

The Vidigage, shown in Fig. 1, oper- 
ates in a manner similar to the Audi- 
gage, except that the frequency is 
swept through the appropriate spec- 
trum electronically, and the resonance 
frequencies are presented visually on 
a 2l-in. cathode ray tube (or 14-in. 
tube). Direct reading thickness scales 
(based on equation | are inserted in 
front of the tube face. High accuracy, 
up to 1/10 of 1 one per cent can 
be obtained. Primarily, the Vidigage 
enables the operator to obtain rapidly 
a large number, or continuous read- 
ings On equipment such as boiler tubes, 
pressure vessels, etc. It is not as port- 
able as the Audigage, and requires a 
110-v, a-c, power supply. However, an 
extension cable up to 1000 ft in length 
can be used between the instrument 
and the transducer. In general, it is 
used when a large number of readings 
or a detailed survey at one general lo- 
cation is required. 


Flaw Detection Equipment 

One type of ultrasonic test equip- 
ment designed primarily for detection 
of flaws in steel plates, forgings, shafts, 
etc., is shown in Fig. 4, and is known 
as the Reflectoscope. In this instru- 
ment, a short pulse, or wave train, is 
generated by the transmitter, travels 
through the material under test at a 
constant velocity as described earlier, 
is reflected from the opposite side or 
from discontinuities in its path, and re- 
turns to the transducer. It is then re- 
converted into electrical waves, ampli- 
fied by the receiver, and presented 
visually on the cathode ray tube, at a 
time interval corresponding to the dis- 
tance from the transducer. For normal 


FIG. 4. A flaw-detector instrument, the Reflecto- 


“straight-through testing,” the beam 
travels in a direction normal to the sur- 
face of the transducer, and reflections 
are returned along the same path 

A shear wave transducer has been 
developed for testing welded seams or 
other comparatively thin sections, such 
as the wall of casing or line pipe. This 
unit projects sound waves into mate- 
rial at an angle to the surface on which 
it is applied. The sound wave travels 
through the plate thickness or pipe 
wall, strikes the opposite surface, re- 
flects at an angle equal to the angle 
of incidence, and continues through 
the plate in this manner until it dissi- 
pates or strikes a defect, which will re- 
flect some of the energy back to the 
search unit. Present equipment of this 
type is rather cumbersome, since it is 
not specifically designed for the port- 
ability and rough usage necessarily in- 
volved in the oil, refining, and petro- 
chemical industry. New equipment of 
this type is now in the design stages 

The Sonoray, shown in Fig. 5, is also 
designed for flaw detection. It is a con- 
tinuous wave “through transmission” 
system, with the transmitting and re- 
ceiving transducers usually on opposite 
sides of the material under test. It was 
designed for rapid, automatic inspec- 
tion of large numbers of similar parts, 
such as bolts, cap screws, etc. Usually, 
the material tested is immersed in a 
liquid, which is used as a coupling me- 
dium. Sensitivity is set for 100 per cent 
transmission on a standard part, and 
others then tested. Any discontinuities 
in the part will reduce the energy re- 
ceived, and this reduction will be pro- 
portional to size and/or number of 
them. An electrical relay connected to 
receiver ouput is adjusted to reject be- 
low a pre-set limit, and will operate 
controls, warning lights, recorders, etc. 
As can be seen, the presence, but not 
location, of discontinuities will be 
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FIG. 5. The Sonoray flaw-detector instrument, in which the transmitting and 
receiving transducers are employed on opposite sides of the material tested. 


easily and rapidly detected by this 
equipment. It is, therefore, best adapted 
to high speed or automatic detection 
and rejection of defective parts, re- 
gardless of defect location, or testing 
small areas, such as a weld, where de- 
fects, if any, will exist. Since it does 
offer a simple, inexpensive, method of 
testing, together with a recording sys- 
tem, it will undoubtedly find a place in 
the oil industry. 


Applications 

Most of the corrosion measurement 
surveys to date have been done with 
the Audigage. They may consist of oc- 
casional spot tests, or may be complete 
surveys annually or biannually. A typi- 
cal gasoline plant survey usually con- 
sists of about 600-700 thickness read- 
ings. Fig. 6 illustrates a typical test. 
These readings are taken at various 


FIG. 6. Typical Audigage Test Routine. 


critical sections in the plant system, 
such as piping, bends, accumulators, 
pressure vessels, stills, etc. When such 
a survey is conducted by a specialized 
organization such as ours, the tests will 
usually be completed in about 5-6 
days, at a total cost, including trans- 
portation, of about $.50 to $1.50 per 
thickness reading, depending upon ac- 
cessibility, spacing of test spots, etc. 
Exact cost figures for such a survey 
conducted by plant personnel, using 
their own equipment, are not avail- 
able. One report indicates, however, 
that in one case, the time required was 
approximately quadrupled. 

As an example of costs, total charge 
for a recent test in the Corpus Christi, 
Texas, area, including airline transpor- 
tation, etc., was $870.00. About 700 
miscellaneous readings were obtained, 


on piping, elbows, process vessels, etc., 
making a unit cost of $1.25 per read- 
ing. In this particular survey, the test 
engineer was able to detect a corroded 
inside surface in one of the “Accumu- 
lators,” in a location where corrosion 
had neither been experienced nor sus- 
pected. Original thickness apparently 
was over that specified, and thickness 
reduction was not excessive. However, 
the signal obtained indicated that cor- 
rosion was present, and when the plant 
was shut down for maintenance, this 
was discovered. Needless to say, this 
operator was immediately convinced 
of the value of the survey. 
Occasionally surveys are encoun- 
tered that require a large number of 
readings in a relatively small area, such 
as detailed coverage of a reactor or 
fractionating tower, boiler tubes, or oil 
heater tubes. A typical test of this type 
was a survey covering the tubes of 
seven oil heaters. Data obtained on the 
tubes of one of the larger heaters is 
shown in Table 1. In this particular 
unit, there were 56 tubes equally 
spaced around the inside circumfer- 
ence. The tubes were 412 in. OD, with 
a nominal wall thickness of .250 in. It 
was believed that the most severe cor- 
rosion would occur in the “flame 
area,” which in this case consisted of 
approximately the lower 15 ft of the 
heater. Thickness readings were, there- 
fore, taken at 2-ft intervals, measured 
from the floor of the combustion cham- 
ber of the heater. In order to obtain 
readings above the 6-ft level, a “bosun’s 
chair” was secured near the top of the 
heater, the Audigage operator raised 
to the proper level, and moved to the 


TABLE 1. Tube Wall Thickness 
Rich Oil Heater No. 1 Tubes in South Half of Heater 


Tube No. 
2 ft 4 ft 6 ft 8 ft 
1 East side 232 in. .232 in. .224 in, .226 in 
2 East side 44 238 238 249 
3 East side 232 226 226 
4 East side 217 217 228 220 
5 East side 22: 217 226 240 
6 East side 3: 238 232 232 
7 East side : 226 226 249 
8 East side : 247 232 
9 East side : 217 217 
10 East side f 249 232 
11 East side : 247 247 
12 East side : 234 223 
13 East side 22: 223 234 
14 South side. 2! 234 234 
15 South side : 229 240 
16 South side : 240 235 
17 South side 2. 234 233 
18 South side : a 247 
19 South side. 24 234 
2 0 South side. 2: 226 
21 South side. 232 ; 234 
22 South side. 228 3: 220 
23 South side 226 235 230 
24 South side. 217 : 228 
25 South side. 242 24: 242 
26 South side. 217 .226 223 
27 South side 238 236 257 
28 West side 238 52 257 


Elevation Above Bottom of Heater 


10 ft 12 ft 14 ft 16 ft 

220 in, .232 in, .240 in. 

232 229 240 

220 223 

220 228 205 m. .219 in. .21] In 
240 235 238 232 220 220 
232 241 238 232 243 
259 247 262 232 238 240 
238 239 24S 259 251 247 
232 228 223 228 22 226 
232 243 2 247 53 243 
232 240 23: 243 

244 240 2. 237 

234 226 

234 232 

240 

226 

232 

241 

228 

239 

228 

230 

239 

232 

232 


235 


247 


247 


Tubes are 444 in. OD, with nominal wall thickness of .250 in 



















FIG. 7. An ultrasonic installation for cleaning small instrument parts. 


proper positions around the circumfer- 
ence by an assistant with a “hand line” 
attached to the chair. 

A total of 2004 thickness readings 
was obtained on the seven heaters, at 
a total charge of $728.75. Cost per 


reading was, therefore, approximately - 


362 cents each, considerably less than 
the $1.25 per reading in the previous 
example where readings were scattered 
throughout the plant. 

The above survey was made before 
the now available “Vidigage” was de- 
veloped. This instrument would be 
quite advantageous in a test such as 
this, since it could be stationed in the 
center of the heater, and an extension 
cable used for access to the various 
levels. A continuous survey of each 
tube, if necessary, would be practical 
with the Vidigage. 

Unusual conditions are sometimes 
encountered, such as in a test where 
the measurement of wall thickness of 
a reactor from the inside was necessary 
but was prevented by several rows of 
tubes around the ID of the shell, simi- 
lar to the “heater tubes” mentioned 
above. In this case, a special “gymbal” 
transducer was mounted on the end of 
a long shaft, and contact established 
by inserting the shaft between the rows 
of tubes. About 600 thickness readings 
were obtained in this manner during a 
two-day period. 

In some thickness tests, unusual cor« 


rosive conditions are encountered. 
Data shown in Table 2 are a typical 
example of an extremely high corro- 
sion rate near the bottom of a “blend- 
ing tank.” Tests were made without re- 
moving the tank from service, al- 
though, needless to say, it was removed 
shortly thereafter. The data are shown 
on a standard work sheet, where provi- 
sion is made for recording “Audigage 
Resonance Frequency,” calculation of 
average difference (f, —f,,_4)), 
thickness, and per cent corrosion loss. 
The authenticity of the resonances is 
verified by the “slide rule check” 
wherein it is verified that the resonance 
points are exact harmonics or multi- 
ples of the average difference. If such 
is not the case, the reading is ques- 
tioned. 

To date, practically all tests involv- 
ing the location of fatigue cracks, in- 
ternal defecis, etc., have been made 
with the “Reflectoscope” equipment. 
The successful applications include in- 
spection of shafts, bolts, etc., for 
fatigue cracks, inspection of field weld- 
ments, and inspection of drill collars. 
As mentioned earlier, ultrasonic in- 
spection applications, such as the rapid 
inspection of long lengths of drill pipe, 
tubing, and casing, are not feasible 
with present equipment, but can usual- 
ly be done and will probably be prac- 
tical with specially designed equipment 
and associated search units, handling, 


TABLE 2. Audigage Thickness Readings 
Taken in Vertical Line Down Side of Tank 


Location Resonance 
distance Original frequencies Audigage Per cent 
above ground thickness obtained Average thickness corrosion 
level (in.) — difference (in.) logs Remarks 
9 ft 500 1.89 1.67 236Me. 491 1.8 Slight pitting 
1.43 1.17 G on interior 
7 ft 500 1.89 1.27 316 367 26.6 Medium pitting 
1.58 M 
5 ft 500 2.01 1.22 405 286 42.8 Medium pitting 
1.62 M 
3 ft 4 in. 500 1.92 0.99 .483 240° 52.0 Medium pitting 
1.46 M 
2 ft 4 in 500 2.02 1.08 .510 -228 54.3 Medium pitting 
1.53 M 
1 ft 4 in. 500 1.78 504 195 61.0 Medium pitting 
1.19 M 
0 ft 4 in. .500 1.93 965 120° 76.0 Rough and 
1.00 P pitted 
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and recording systems. 

One example of inspection for 
fatigue cracking was the examination 
of connecting rod bolts on an 800-hp 
gas engine. Several bolt failures had 
been experienced, with consequent loss 
of production and damage to the en- 
gine involved. These bolts were 13% 
in. long and 1% in. in diameter. The 
heads were accessible by removing the 
crankcase inspection plates, and were 
inspected from this end without re- 
moval from the engine. One bolt was 
used as a test standard, and a saw-cut 
approximately 5/32 in. deep, and 6 in. 
from the head end of the bolt was 
made on one side of the bolt. Reflecto- 
scope sensitivity controls were set for 
a 2-in. “peak to peak” indication from 
the reflecting area thus provided. Lo- 
cation and depth of any transverse de- 
fects exceeding about .100 in. in depth 
were definitely established. Defects of 
smaller size could not be reliably de- 
tected with the equipment and tech- 
niques available, particularly in the 
threaded area. 

Permissible size of defects is within 
the realm of the engine manufacturer. 
However, judging from results in other 
tests, the small defects are not critical. 
In another plant, a transverse crack 
covering approximately 60 per cent of 
the effective cross section of a bolt was 
discovered. The engine had been in 
continuous operation with this defec- 
tive bolt installed. All such bolts on 
these particular engines are now in- 
spected ultrasonically at each overhaul 
period. 

Crankshafts and “crossheads” in 
these engines have also been tested 
with the Reflectoscope. Crankshafts 
are tested with a “straight beam,” and 
crossheads by both straight and angle 
beams. These parts normally can be 
tested in place, without dismantling the 
engine, by removing the access plates 


Probable Future Developments 

Future applications of ultrasonics 
will undoubtedly include the use of 
power generators for cleaning, emullsi- 
fication, mixing, etc. Rapid and ef- 
ficient cleaning of small parts is now a 
reality. An ultrasonic installation for 
cleaning small instrument parts is 
shown in Fig. 6. 
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Notes: Signals are classified as follows 
1. “G" indicates very little, if any 
pitting. 
“M” indicates medium pitting or 
roughness. 
3. “P” indicates severe pitting or 
roughness. 
*Poor resonance check 
006 in. to .010 in. 


about + 
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Addition of small amounts of 

boron improved antiknock properties 
of gasolines; the degree of effect 
depends on the properties 

of the gasoline treated 


Difference in valve deposits operated on boron- 
treated and untreated gasoline. 


New Improvement Agent 


E. C. Hughes and E. O. Hook 


Standard Oil Company of Ohio 


PROBABLY everyone within televi- 
sion range of an Ohio station is famil- 
iar by now with the trademark repre- 
sentation of the boron atom with its 
circling electrons, and knows that it 
stands for Sohio’s premium gasoline. 
“Boron Supreme” is not the product of 
a refinery process employing boron as 
some people have thought, but is a se- 
lectively-blended premium gasoline 
leaded with aviation mix TEL to which 
has been added a small but effective 


**“Boron” is a registered trademark of The 
Standard Oil Company (Ohio) for gasoline. 
Any use hereinafter of the word “boron” to re- 
fer to the boron P d in cial use 
or to the amount thereof in terms of elemental! 
boron is strictly for the sake of simplicity. 

Presented before the National Petroleum 
Association, Cleveland, Ohio, April 18-20, 1956. 





FIG. 1. Octane effect on boron on different gasolines. 
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amount of an organic compound of 
boron. 

Why do we put it in? Because we 
have found, in both laboratory and 
road tests,“that a boron compound in 
gasoline produces desirable effects on 
octane number, deposit formation, and 
surface ignition. Results of an exten- 
sive laboratory study have already been 
presented in papers before the Petro- 
leum Division of The American Chemi- 
cal Society in September, 1955,' and 
at the February, 1956, meeting of the 
Western Petroleum Refiners Associa- 
tion at Houston*. In the present paper, 
we will summarize these results and 
also show some future road results. 


Antiknock Properties of Boron 

Boron compounds have been found 
to give a definite octane boost to many 
leaded gasolines. Not all boron com- 
pounds have this effect. Some are inert, 
and others are quite strongly proknock. 
Still others are unusable because they 
hydrolyze or oxidize to give gasoline- 
insoluble solids. The compound we 
have selected has given no automotive 
troubles during over a year and a half 
of use. It is handled as a free-flowing 
liquid concentrate, which can be added 
directly to the blending tank or is easily 
blended into the gasoline as it goes to 
storage by means of a proportioning 
pump. 


FIG. 2. Increase in octane number caused by 0.02% boron. 
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FIG. 3. Octane effect on boron in refinery streams. 





In Fig. | is shown the effect that 
adding this boron compound has on 
the octane numbers of several repre- 
sentative gasolines (leaded to 3 cc, as 
are all the fuels of this paper). The re- 
sponse usually increases with boron 
concentration, much like a lead-blend- 
ing curve, but varies widely in different 
types of fuel. Octane level alone is not 
a determining factor; both the 102 O.N. 
(G. M. conversion octanes) and the 
87.5 O. N. fuels were improved more 
by the boron compound than the other 
three fuels with intermediate octanes. 
(The fuels used in this paper are de- 
scribed in Table 8 at the end.) 

Fig. 2 again illustrates the variability 
of the response, and shows that it in- 
creases with lead content and is absent 
in lead-free fuels. In Fig. 3 is shown the 
response of various refinery streams. 
The octane benefit is strongly in- 
fluenced by hydrocarbon type, being 
greatest in straight-run naphtha and 
negative in the highly aromatic catalytic 


reformates. Fig. 4 shows the effect of 
the boron compound in some blends 
of these stocks. Unexpected blending 
effects occur: Comparison of Fig. 3 
with Fig. 4 shows that blends of 30 
per cent alkylate or polymer in virgin 
naphtha, for instance, respond better 
than any of their components. Hence, 
the octane response cannot be pre- 
dicted, but must be determined at sev- 
eral boron concentrations for each 
fuel. 

In our own refinery products, the oc- 
tane boost due to the boron compound 
reaches useful levels, and we are regu- 
larly taking advantage of it in meeting 
F-1 octane number specifications for 
our premium gasoline, We would not be 
justified in doing this if the increase 
were not found also in standard road 
testing of the product. As Fig. 5 shows, 
the response often tends to be even bet- 
ter on the road than in the F-1 for the 
amount of boron compound we are 
using. Table | shows that the benefit is 


.O1 


02 .03 .04 
% BORON 


FIG. 4. Octane effect of boron in blends. 


not always experienced to the same 
degree by all cars: For instance, using 
the 95 O.N. Fuel A in which 0.004 per 
cent B raised the F-1 by 0.3 of a num- 
ber, the "55 Chevrolet found 0.4 of a 
number for 0.004 per cent B, but the 
‘55 Cadillac found a whole number for 
this amount of boron. Somewhat simi- 
lar results were obtained in Fuel H; 
with Fuel B, on the other hand, both 
cars appreciated the boron compound 
about equally. 

Table | also compares F-1 and road 
octane effects in several high-octane ex- 
perimental fuels (Fuels F and G). It 
is noteworthy that the negative re- 
sponse shown by Fuel G in the F-1 be- 
comes a sizeable positive effect on the 
road. 

Table 2 summarizes some work car- 
ried out earlier this year in Texas on 
samples of six commercial premium 
gasolines. All of these were improved 
in F-1 octane number by the boron 
compound and all but one showed im 
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TABLE 1. Effect of Boron on F-1 and road octane. 


Per cent F-1 
Boron octane number 


0 95 
004 per cent 
02 
0 90 
004 per cent 
02 
0 
004 per cent 
02 
0 
004 per cent 
01 
02 
0 
004 per cent 
01 


02 


provement on the road in the one car 
in which they were tested. The increase, 
though smaller than we found in our 
own fuels, was nonetheless significant 
at the 20:1 confidence level, and shows 
that most gasolines will probably ex- 
perience a benefit. 

One way of looking at the use of the 
boron compound is as a replacement 
for that fourth ce of tetraethy! lead that 
we are not now permitted to use. In 
Table 3, the octane increase due to the 
fourth cc of TEL is listed for several 
representative fuels, together with the 
concentration of boron which is equiv- 
alent in octane effect. The hypotheti- 
cal fourth cc of TEL could be replaced 
by 0.004 per cent to 0.022 per cent B, 
amounts which are within our success- 
ful experience in long-time testing. 


Boron and Engine Deposits 

Use of the boron compound in the 
fuel has been previously shown to im- 
prove scavenging, particularly in the 
hotter parts of the engine. As we men- 
tioned in an earlier paper,’ this may 
be due to formation of friable boron- 
lead compounds in the deposits, result- 
ing in a greater tendency for particles 
to flake off and be carried out with the 
exhaust. Table 4 shows some data ob- 
tained in the laboratory using five 
7-8.5:1 compression ratio multicylin- 
der engines operated on a cycle simulat- 
ing average city driving conditions. Re- 
sults were particularly good when 
0.004 per cent B was used along with 
aviation mix lead, exhaust valve de- 
posits being cut nearly in half. A 30 
per cent reduction in exhaust valve de- 
posits was obtained when motor mix 
was compared with aviation mix plus 
0.012 per cent B under the same con- 
ditions in 10: 1 compression-ratio Buick 
and Oldsmobile engines. 

The 0.004 per cent B-aviation mix 
combination was extensively studied 
under heavy-duty operation in a series 
of road tests carried out by Southwest 
Research Institute. In the first of these, 
12 cars (2 each of 6 makes) were op- 
erated for 10,000 miles over the Penn- 


C-12 


Increase in 
F-1 


RSckRaa BY “RK Ow 





Increase in road octane number 

SS Chevrolet °55 Cadillac ‘55 Buick 
4 1.0 
5 1.2 


* 
4 


TABLE 2. Effect of Boron on road octane 
number of six Texas premium 
gasolines. 


1956 Buick 


Per cent 
boron octane number 
0 95.7, 96.7 
004 96.1, 97 
012 
0 


004 
012 
0 
004 
012 
0 
004 
012 
0 
004 
012 
0 
004 
012 
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TABLE 3. Boron content to equal fourth 
cc of TEL gal. 


Sin O.N,, 
4th oc 
TEL gal 


Per cent boron 
to equal 
4th ce TEL 

Fuel D 94 ON, see 

SR-cat. dist 1.3 
Fuel E 96 O.N 

SR-Alkylate 45 
Fuel F 99 O.N, 

SR-cat. dist.-Alkylate 1.10 


016 per cent 
O0O8 per ceat 


.022 per cent 


TABLE 4. Deposit reduction by boron 
(Lab. Engines, 7-8.5/1 C.R., Moderate 
Duty) (Fuel A) 


Grams deposit on 
Piston Exhaust 
Fuel treatment 
MM, NoB 
MM, 0.004 per cent B 
AM, NoB 
AM, 0.004 per cent B 
Average decrease 
NoB 0.004 per cent B. 
AM +0.004 
per cent B . t 


TABLE 5. Deposit reduction — boron 
+ AM lead 


(Road Tests* — Heavy Duty) 


Tire fleet 
(50,000 
miles) 
Exhaust 
valves 


Turnpike 
10,000 miles) 
Piston Exhaust 
tops valves 
MM, NoB 5.6 3.1 
AM, 0.004 per cent B. 4.2 2.1 
Per cent decrease 25 31 





* Run by Southwest Research Institute. 
sylvania Turnpike. In another, four ’55 
Olds and four ‘55 DeSotos were op- 


erated for 50,000 miles as part of a tire- 
test fleet under high-speed, high-tem- 
perature conditions in the Southwest. 
A third test was carried out in Chevro- 
let pickup trucks operated under ex- 
treme conditions of load, speed, and 
temperature. All of these gave results 
in agreement with the conclusion from 
laboratory data—that the aviation 
mix-boron compound combination sig- 
nificantly reduced deposits, particularly 
on exhaust valves. Table 5 shows de- 
posit weight data from two of these 
tests. The improved scavenging is prob- 
ably responsible for the much better 
valve life found in these tests and illus- 
trated in Table 6. 


Surface Ignition Reduction 
by Boron 

Surface ignition is definitely a prob- 
lem in some of today’s cars, and the 
work of ourselves and others*:+-5.* in- 
dicates that it will probably become 
more prevalent as compression ratios 
increase. It was reported earlier’ that 
our boron compound reduces the ten- 
dency of gasoline to undergo surface 
ignition. Further work in single-cylin- 
der engines has confirmed and extended 
the previous results. The response to 
0.004 per cent B was found to be ap- 
preciable throughout the entire range 
of A/F* ratios. A pronounced maxi- 
mum in count rate was found at an A/F 
of 13:1; this ratio was accordingly used 
for the remainder of the single cylinder 
surface ignition work. 

The boron compound was found to 
reduce surface ignitability in fuels of 
a variety of hydrocarbon types. As Fig. 
6 shows, the degree of control appears 
to be greatest in the highly aromatic 
and olefinic fuels that need improve- 
ment the most. Improvement is brought 
about not only through an immediate 
action on the ignitability of the fuel, 
but also by a longer term mechanism 
of deposit modification. In Fig. 7 are 
plotted two curves showing the effect 
of increasing amounts of boron com- 
pound on surface ignition in the 12:1 
CFR engine. The upper curve was ob- 
tained when the engine contained an 
equilibrium deposit built up on boron- 
free fuel; the lower curve resulted when 


TABLE 6. Valve durability in heavy- 
duty operation. 


Trucks 


Passenger 


2 Valves 
burned 


Channel- 
ing Burned 
3 27,000 mil s 
55,000 


None at 60,000 
Test stopped 


mix TEL 


*A/F = Air-Fuel. 
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FIG. 7. Effect of boron compounds on surface ignitability. 


(lon gap, 12:1; CFR engine; Fuel A). 


equilibrium deposits were built up us- 
ing 0.004 per cent B. Hence, it would 
be expected that, while switching to a 
gasoline containing our boron com- 
pound would produce an immediate 
benefit to the user, continued opera- 
tion on such a fuel would result in still 
further improvement. 

Here also the predictions of the sin- 
gle-cylinder engine have been found to 
be true in the multicylinder engines of 
passenger cars. Fig. 8 shows the effect 
of increasing amounts of the boron 
compound on surface ignition as meas- 
ured by counting wild pings with a 
vibration pickup in an experimental 
10:1 compression-ratio Oldsmobile 
during full-throttle accelerations on a 


016 .020 


.004 .008 


012 .016 .020 
% BORON 


FIG. 8. Effect of boron compound on surface ignitability. 


(Wild Pings — 10:1; Oldsmobile on Chassis Dynamometer 


— Fuel A). 


chassis dynamometer. Comparison 
with Fig. 7 shows that boron gave even 
better control in the Olds than in the 
CFR engine. This may possibly be due 
to the action of boron in increasing the 
fuel octane number, and hence reduc- 
ing the proportion of cycles in which 
preignition leads to audible detonation 
or ping. 

In order to observe the effect of the 
boron compound on surface ignition 
of the road, six 1956 automobiles were 
obtained from a rental agency. Three 
of these exhibited moderate to severe 
wild ping in the “as received” condi- 
tion; the remaining three were operated 
in home-to-work service in the city 
until pinging was observed. These cars 


TABLE 7. Surface ignition control by boron in some 1956 cars 


Fuel 
octane 

Mileage level 
2490 97 8.1 
6750 97 
4646 97 SI 
7909 97 8.1 
8851 98 
3303 92 8.1 


1 
OB 


Hvy. 8.1 


Lt. 8.1 


RATING TRIALS* 


3 

OB 
8.1 
Lt. 8.1 
Hvy. 8.1 
Hvy. 8.1 
Lt. 8.1 
8.1 


*Surface ignition was detected by the presence of “run-on” with the key off. Runs were made 
at W. O. T. between 20-30 mph up a 10 per cent hill in highest gear possible. Cars were driven nor- 
mally for 2 miles on each fuel around a fixed route to return to the bottom of the hill. 


TABLE 8. Fuel properties. 


Fuel : E 

F-1 O.N.* 96 
Distillate 

IBP 107 
150 
205 
252 
320 
Per cent 8 015 
Composition, per cent 

Virgin naphtha 

Cat. naphtha 

Therm. reformate 

Cat. reformate 

Polymer 


35 

24 
Naphthenes 20 
Arematics 21 
TEL varies from 2.6-3.0 ce/gal 
t Fuel D like Fuel A but 93 O.N 
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were then operated over a test course 
containing a 10 per cent grade up which 
full-throttle runs could be made, alter- 
nating between boron-free and 0.12 
per cent B fuels for each round of the 
course. Car speed was held at 20-30 
mph by braking. Results are shown in 
Table 7. All of the cars exhibited ping- 
ing on the grade using non-boror test 
fuel. Addition of 0.012 per cent B sub- 
stantially eliminated surface ignition 
(as determined by the absence of “run- 
on”). This behavior could be repro- 
duced on successive trips around the 
test course, as Table 7 shows. 
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1. Catalytic Cracking and Reforming 


Chapter VII. 


Arch L. Foster 


U SE of catalysts in petroleum refining is not a new idea, 
but their commercial application is a comparatively recent 
development. For at least half a century, progress in the 
use of catalysis was retarded by the limited demand for 
better products, the cost of processing, and a meager tech- 
nology. 

Appearance of high-compression engines created the 
market for higher antiknock fuels, and methods were dis- 
covered for regenerating catalysts in commercial units, 
which reduced the expense of manufacturing gasoline of 
the desired performance characteristics. As a result, use 
of catalytic cracking and reforming processes became 
widespread in little more than a decade, hurried by World 
War II. 

Utilization of catalysts in cracking petroleum was sug- 
gested as early as 1877 by Friedel and Crafts. They dis- 
covered that low-boiling distillates of excellent color and 
odor and possessing high oxidation stability were obtained 
by heating heavy petroleum fractions in the presence of 
anhydrous aluminum chloride, AICI,. Although a catalyst, 
aluminum chloride was consumed in the reaction and its 
replacement cost was high. Gasoline had practically no 
market value before automobiles were invented and was 
in abundant supply; large volumes of it were discarded by 
the refineries, which were interested primarily in the 
production of kerosine. The process of Friedel and Crafts 
was premature and could not be applied commercially with 
any economic success. 

In 1915 when the demand for gasoline was increasing 
at a rapid rate, Koetschau in Germany and McAfee in this 
country reinvestigated the aluminum chloride process. 
McAfee developed a cheap method for manufacturing 
aluminum chloride that made possible its application in 
the processing of petroleum. The following method was 
employed in the manufacture of gasoline by this first 
catalytic process. 

The oil was mixed with 5 to 10 per cent of aluminum 
chloride and heated for 24 to 48 hrs at 500-540 F. Gas- 
oline vapors produced by the reaction were condensed 
and redistilled to separate them from the heavier fractions. 
These heavier fractions were returned to the still for repro- 
cessing. The ultimate products were gas, gasoline, and 
coke in which the spent catalyst was incorporated. Gas- 
oline was washed with a solution of sodium hydroxide 
to remove hydrochloric acid produced by the decompo- 
sition of aluminum chloride, and marketed without any 
additional processing. 

Gasoline produced by the aluminum chloride process 
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was clear and clean and was quite stable, containing only 
the saturated hydrocarbons. However, its antiknock rating 
was relatively low, and after higher compression engines 
were developed the commercial process was abandoned. 
Aluminum chloride is not used now for manufacturing 
gasoline but it finds wide application in isomerization 
processes, lubricating oil refining, and the manufacture of 
chemicals. 

Extensive experimental work showed that a high-grade 
gasoline could be produced by cracking heavy petroleum 
fractions in the presence of fuller’s earth and similar 
materials. Fuller’s earth was employed in the Gyro Vapor- 
Phase Thermal Cracking Process, but with little success. 
Catalytic activity fell off rapidly because carbon deposits 
formed on the catalyst, clogging the pores and making it 
inert. No satisfactory commercial method for removing 
the carbon was known, and the use of fuller’s earth in 
the process was discontinued. 

The important step in the catalytic cracking of petro- 
leum was made in the middle 1930’s when the Houdry 
Catalytic and the Fluid processes began to emerge. These 
processes employed granular, and finely divided, catalysts 
respectively. The catalyst was regenerated without remov- 
ing it from the unit. 

In the original Houdry process, the charge stock was 
passed through a “tar separator” before entering the reac- 
tor as shown in Fig. 1. In the separator, the heaviest 
carbon-forming fractions were removed to reduce the load 
on the catalyst and lengthen the time betwen catalyst 
regenerations. Vapors from the separator entered the cat- 
alyst chamber, which contained either a natural or a syn- 
thetic alumina-silica catalyst. When catalyst activity 
declined because of the formation of carbon deposits, the 
flow of petroleum vapors was stopped, the chamber was 
purged of light hydrocarbons, and air was admitted to 
burn off the carbon. Several catalyst chambers were em- 

REACTOR FRACTIONATOR 
Olt VAPORS GASOLINE VAPORS 
GAS 
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FIG. 1. Simplified flowchart of early Houdry catalytic cracking 
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E. Platiormer (catalytic reformer) unit at refinery of Rock Island 


Refining Corp.. the first refining unit to be controlled electronically. 


ployed in parallel to make the process continuous. While 
charge vapors passed into one or more chambers in con- 
tact with regenerated catalyst to be cracked, other cham- 
bers in the unit were regenerating catalyst by admitting 
air and diluent gases to burn off the coating of carbon. 

Temperature control is very important in catalyst re- 
generation. High temperatures impair the catalyst activ- 
ity by destroying its fine structure, while low temperatures 
slow down the regeneration process. In the Houdry Pro- 
cess, the burning temperatures were controlled by circu- 
lating a thermofor through the pipes located inside the 
catalytic chamber. The thermofor acting as a cooling or 
heating medium was a mixture of sodium and potassium 
nitrates and nitrites which had a comparatively low melt- 
ing point. Operation of the plant was automatic. 

The Cycloversion Process, which had certain similari- 
ties with the Houdry Process, also appeared. The Cyclo- 
version Process is used for cracking, reforming, or desul- 
furizing straight-run and thermally cracked petroleum prod- 
ucts. Two reactors were used in parallel. While one reactor 
was processing oil vapors, the other was regenerating the 
catalyst, which is bauxite. Some 10,000 bbl of oil can be 
processed per ton of catalyst in cracking operations and 
as many as 100,000 bbl in reforming, it is understood. 

In both the Houdry and the Cycloversion processes, the 
catalyst bed is stationary and the cracking and regen- 
erating operations are conducted in the same vessel. This 
has certain inconveniences because the operating condi- 
tions are not the same for the two operations. Processes 
were developed, therefore, that employ separate vessels 
for cracking and for regeneration. The catalyst bed moves 
and passes at a constant rate from one vessel to the other, 
thus making the process truly continuous. Ee~h vessel 
is operated at optimum conditions required by the two 
operations. As an additional advantage of this equipment 
design, catalyst can be added without interrupting the 
process. Temperature in the kiln is regulated by adjusting 
the flow of air to the kiln and steam to the cooling tubes. 
In this process known as the TCC (Thermofor Catalytic 
Cracking) process, shown in Fig. 2, the catalyst was 
charged to and from the reactor and the kiln by using 
bucket elevators. 

Later, the transfer of catalyst within the unit was simpli- 
fied by replacing the bucket elevators with an air-lift. The 
catalyst is raised to the top of the unit by suspending it 
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C. Recently completed Houdiflow cracker at Texas City Refining 
Company plant. 


in a stream of air or flue gas. By locating the reactor 
above the kiln and allowing the catalyst to gravitate, the 
number of catalyst lifting operations to complete the 
cycle within the unit was reduced from two to one as 
compared to the original design. The Houdriflow and the 
TCC Air-Lift units (Fig. 3) are representative of such 
modern installations. 

In the FCC (Fluid Catalytic Cracking) Process shown 
in Fig. 4, the catalyst is suspended in a fast-moving stream 
of hydrocarbon vapors or air. The hot catalyst from the kiln 
is mixed with the petroleum vapors at the cracking tem- 
perature. The mixture passes into the reactor, where the 
cracking reaction is completed and the catalyst particles 
are allowed to settle. Settling occurs due to the slowdown 
of the vapor stream velocity upon entering the much larger 
chamber, which is filled partly with a mass of catalyst 
kept in a state of agitation by the entering catalyst-vapor 
stream. Vapors are passed to distillation equipment and 
condensers while the catalyst is picked up by a stream of 
hot air moving toward the regenerating vessel. There car- 
bon is burned off by a stream of hot air-gas mixture. After 
the carbon is burned off, the catalyst is separated from the 
flue gases by reducing the stream velocity in the regenera- 
tor. The settled catalyst particles flow down into a catalyst 
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FIG. 2. Simplified flowchart of early Thermofor catalytic cracking 
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deal of money, the price of this Standard 

of California's fluid catalytic cracking unit. 
leg, are mixed with more hydrocarbon vapors, and another 
cycle starts. Steam is used in this and other processes for 
purging the catalyst from hydrocarbon vapors before con- 

tacting with air. 

Some of the fine catalyst particles remain suspended in 
the hydrocarbon vapors or air leaving the reactor and the 
regenerator. These particles are removed by passing the 
vapors and gases through cyclone separators and electric 
precipitators. 

Cyclone separators are stationary vessels. They impart 
a whirling motion to the gases entering them at a high 
velocity. The catalyst particles are thrown by this centrif- 
ugal force toward the cyclone walls and fall toward the 
bottom of the separator, from where they are removed. The 
cyclone separators work on the same principle as centri- 
fuges, but in centrifuges the rotating motion is imparted 
by revolving the vessel while in the cyclone separators 
the same motion is obtained by moving the gases in a 
spiral pass. 

The electric precipitators remove the suspended particles 
by imparting electric charges to the particles as they pass 
between charged electrode plates. Operation of these pre- 
cipitators thus resembles that of the electrical dehydrators 
for crude oils employing: direct current. The electrified 
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particles move toward the electrode having an opposite 
charge, where they settle. 

The FCC units vary in design. The Esso Research and 
Engineering Company has the reactor and the regenerator 
as two separate vessels. This design is known as Model 
IV (Fig. 4). The Universal Oil Products (UOP) Company 
designs the two vessels closely interconnected. The M. W. 
Kellogg Company also uses a fluidized bed in the Ortho- 
flow unit. The “fluidized bed” consists of a mass or bed of 
very fine catalyst particles, and such a bed exists in both 
the reactor and the regenerator. In this fine state of sub- 
division, solids behave similarly to liquids and gases bubble 
through such beds like air bubbles through water. The 
reactor and the regenerator may be placed side by side or, 
as in Model “B,” one of them may be on top of the other. 

Catalysts have been used in conventional thermal crack- 
ing equipment. In the Suspensoid Process, a small quantity 
of fuller’s earth or of an adsorbent clay is added to the 
oil stream entering the cracking furnace. The quantity of 
catalyst that can be added is limited by the design of the 
equipment, and the catalytic reactions do not progress as 
near to completion as they do in the specially designed 
cracking units. 

A.summary of the operating conditions employed by 
the various catalytic cracking processes is presented in 
Table 1. All these processes operate at pressures close to 


TABLE 1. Catalytic Cracking Processes. 


Process 
Fluid: Model IV Unit 
UOP design 
Houdriflow 
Thermofor e 
Orthoflow side by side reactors 
Model “B” 
Thermofor Air-Lift 


Temperature (I 
900 
900 
850-925 
Oil 700-800, catalyst 950 
885-950 
885-950 
840-920 


Pressure (psig 


atmospheric in order to facilitate vaporization of the hydro- 
carbons. The catalysts employed are natural clay, like 
fuller’s earth; activated clays, in fine state of subdivision or 
extruded under high pressure in the form of pellets; syn- 
thetic alumina-silica gels, and similar materials. The gels 
may be also in the form of beads invented by Marisic, 
or in the form of micro-spheres. 

Stocks charged to catalytic cracking units were formerly 
restricted to overhead products that could be vaporized 
easily or to stocks from which asphaltic substances are re- 
moved by treatment with liquid propane, a process intro- 
duced by the Cities Service Oil Company. By increasing 
the relative kiln capacity and by certain modifications in 
equipment design, residual stocks can be used directly in 
some modern units. Such processes are known as “Houdre- 
sid,” “Liqueversion,” or “Liquid feed.” 

Introduction of catalytic reforming units was stimulated 
by the growing demand for high-octane number gasolines. 
The Research octane ratings of automotive gasolines have 
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Fig. 4. Flowchart of Model IV catalytic (fluid) cracking process. 
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FIG. 5. Flowchart of Platiorming process for catalytic reforming. 


risen from 63 to 88 for regular and from 73 to 96 for 
special grades during the period between 1930 and 1955. 
This octane race is still continuing. In catalytic reforming, 
as in thermal reforming, hydrocarbon molecules are not 
split into smaller molecules but their structure is rearranged. 
The change in the boiling point of the stock passed 
through a reforming unit is relatively small. The nature of 
the many reforming reactions was incompletely known only 
a few years ago and the mechanism of some of them has 
not yet been completely elucidated. The transformation of 
hydrocarbon molecules appears to take place essentially 
as follows. 

Mainly, two desirable high-octane number hydrocarbons 
are found in gasoline—aromatics and the highly branched, 
saturated hydrocarbons, that is, the straight-chain hy- 
drocarbons containing many side-chains that impart a 
“rounded” structure to the molecules. Such hydrocarbons 
can be obtained by processing naphthenes and straight- 
chain hydrocarbons of a simple structure through the re- 
forming units. Examples of these molecular changes are 
shown below. 

Naphthenic hydrocarbons containing six carbon atoms 
in the ring are similar to aromatic hydrocarbons with the 
exception of the extra number of hydrogen atoms present. 
If these extra hydrogen atoms are removed by exposing 
the naphthenes to the action of high temperatures and 
catalysts, aromatics are formed. By adding hydrogen to 
an aromatic hydrocarbon, naphthenes or even paraffins can 
be obtained, reversing the dehydrogenation process. For in- 
stance, cyclohexane can be converted to benzene by elim- 
inating six hydrogen atoms from the molecule. Only 1.3 C 
separates their boiling points—-cyclohexane at 81.4 C 
(178.7 F); benzene at 80.1 C (176.2 F). 

CH, CH 

/ \ ts, 
H,¢ CH; ; on 
HA CH, > + CM 

\ a“ 

CH, 


C,H, 


Cyclohexane 


In this reaction, the number of molecules formed is 
larger than the number of reacting molecules and the 
volume of the products is greater than that of the original 
substance. Such reactions are favored by reducing the 
pressure on the system. 

Straight-chain hydrocarbons can be transformed into 
cyclic hydrocarbons by the cyclization reactions and then 
lose some of the hydrogen that leads to the formation of 
aromatics. Hexane can thus be converted into benzene 
and hydrogen. 

CH 


H¢ 
CH,—CH,—CH,—CH, | 


\ 4 
CH 


CH. CH, 


Hexane Ben ih 


These reactions are also favored by low pressures, * 
. Besides,the cyclization reactions, isomerization, dehydro- 


“genation, and other reactions also take place in refopming 


units. 

The above shows that low pressures are desirable for 
the reforming operations but high pressures must be em- 
ployed for another reason. At low pressures, paraffins lose 
hydrogen to form unsaturated hydrocarbons (olefins), 
which are less desirable in the finished product. Pressure 
in the reforming operation is adjusted to prevent dehydro- 
genation of paraffinic hydrocarbons, but without affecting 
seriously the course of the desirable reactions, that is, 
dehydrogenation of naphthenes. 

Many catalytic reforming processes have been devel- 
oped, as shown in Table 2. Like the catalytic cracking 
processes, they can be divided into two groups: Those 
employing granular, or finely divided catalyst, as in the 


TABLE 2. Catalytic Reforming Processes. 


Process Type Pressure Te~ ~erature Catalyst 
pag F) 

Platforming Stationary bed 200-800 850-980 Platinum 
Catforming Stationary bed 300-700 R50 95 Platinum 
Houdriforming Stationary bed 250-600 875-006 Platinun 
Sinclair Stationary bed 200-750 825-950 Platinum 
Ultraforming Stationary bed 200-300 900-950 Platinum 
Powerforming Stationary bed ? ? Platinum 
Sovaforming Stationary bed ? ? Platinum 
Cycloversion Stationary bed 50 800-975 Bauxite 

Cc Moving bed 100-200 950 Chromiun 
Hyperforming Massflow 400 800-900 Cobalt molybdate 
Fluid Hydroforming Fine catalyst sus- 

pended in gases 200 900 
Fine catalyst bed 200-500 900-950 


Molybdenum 
Molybdenum 


Orthoforming 
Houdry and the FCC processes respectively. The catalyst 
bed may be stationary or moving. Operating temperatures 
are in the neighborhood of 900 F and the operating pres- 
sures are usually between 200 and 500 psi. 

Reforming catalysts are expensive. Platinum catalysts 
are used in many processes, and they may cost some $10 
per pound; platinum in its pure state is worth approxi- 
mately $100 per ounce or three times as much as gold. 
Metals other than platinum also find application in reform- 
ing. They are cheaper than platinum but still very expen- 
sive. Platinum costs $2,200,000 per ton, molybdenum— 
$6000, cobalt— $5200, and chromium — $2400. Cata- 
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reformer, at Socony’s Paulsboro refinery: Capacity 


lyst prices are extremely high compared to gasoline sold 
at the refinery for a few cents per gallon. High gasoline 
taxes raise the retail price much higher than the refiner 
receives. Commercial utilization of such catalysts is poss- 
ible only on account of their long operating life with a great 
many regenerations. 

Catalytic reforming can be conducted under mild oper- 
ating conditions so that practically no carbon deposits are 
formed. A catalyst may last for many months and even 
years before it must be regenerated or discarded. Regen- 
eration is cartied out sometimes by removing the catalyst 
from the unit and sending it back to the factory. Regenera- 
tion, however, usually is conducted in the unit by using the 
same method as those employed in catalytic cracking. This 
has also the advantage that the catalyst can be regenerated 
frequently, which permits operating the reforming unit 
under severe conditions required for producing very high- 
octane number gasolines. As an example of such processes, 
in the Ultraforming Process four reactors are employed. 
Three of the reactors are on stream while the catalyst in 
the fourth reactor is undergoing regeneration. As in the 
Houdry stationary bed cracking process, the reactors are 
switched from the processing to the regeneration cycle by 
changing valve settings. 

Heat is consumed in catalytic reforming in much larger 
quantities than in catalytic cracking. This heat must be 
supplied from the outside or the reactions will stop. In 
Platforming (Fig. 5) and many other processes, petroleum 
vapors pass through several reactors and are reheated 
each time before they enter the next reactor. Three reac- 
tion chambers, with one primary and two intermediate 
heaters, are commonly used. In Hydroformer Model II, 
heat is supplied by an inert material having a high heat 
capacity and circulated with the catalyst. This inert mate- 
rial stores enough heat to carry the reactions to completion. 

Catalysts lose their activity gradually with succeeding 
regenerations. This is counteracted by raising the reform- 
ing temperature slightly — this must be done with caution. 
If the temperature is raised faster than needed to make up 
for the loss in catalyst activity, the catalyst will adjust 
itself to the higher temperature conditions and deteriorate 
at a faster rate. This happens because carbon formation in- 
creases with the rise in temperature. Best results are ob- 
tained if the rate at which the temperature is raised is 
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D. This modern fluid Hydroformer in Esso’s Baton Rouge. Louisiana. 
piant will produce 25,000 B/D of premium motor fuel component. 


such that the deposition of carbon on the catalyst remains 
essentially constant. 

Moving bed catalytic reforming processes are in opera- 
tion, also. In the Hyperflow Process, the granular catalyst 
moves in a solid stream from the reactor to the kiln and 
back to the reactor. In Fluid Hydroforming, the fine cata- 
lyst is suspended in the stream of gases as in the FCC 
Process. 

Hydrogen is produced in catalytic reforming because 
many dehydrogenation reactions are involved. Hydrogen 
pressure is maintained on the units to prevent formation 
of olefins from the paraffin hydrocarbons, but excess hydro- 
gen is removed to avoid excessive pressure build-up. This 
hydrogen can be utilized by the refinery for treating various 
petroleum products or in the manufacture of chemicals. 

The average octane number of reformed gasoline is 
high but can be improved further by extracting from the 
distillate the highest octane rating components and repro- 
cessing the lower quality fraction. This can be accomplished 
by extracting the reformed gasoline with solvents that 
dissolve the high-octane number aromatic hydrocarbons, 
which later are separated from the solvent by distillation. 
Unlike other solvent extraction processes, these solvents 
are higher boiling than gasoline and gasoline is distilled 
from them. Impurities may thus accumulate in the solvent, 
which might require occasional reprocessing to keep it 
active. Solvent extraction can be combined with catalytic 
reforming, as exemplified by the Rexforming Process. 

The Rexforming Process (Fig. 6) contains a Platform- 
ing Unit and an extraction unit employing ethylene glycol 
as the solvent. The reformed gasoline is pumped to the 
extractor, where it is split into the high-octane number 
aromatic fraction dissolved by the solvent and the low- 
octane number fraction, which is the solvent-insoluble 
layer. The low-octane number fraction is recycled to the 
reforming unit. A balance must be established between 
the operating conditions of the reformer and the extractor 
in order to obtain the maximum yield of product of the 
desired quality. 

The Iso-Plus Reforming Process uses silica gel or other 
solid adsorbents instead of a solvent for removing the high- 
octane number fractions from the reformed gasoline. In 
other respects, the process is somewhat similar to the 
Rexforming Process. 
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Corrosion resistance is ruling factor in mate- 
rials selection; oxidation resistance, high- 
temperature strength, operational limitations 
and availability are other factors 


Selection of Materials 


for Refinery Construction 


Martin L. Michaud 


Union Oil Company of California 


A very important phase of the design 
and construction of refinery equip- 
ment is the selection of the proper 
materials of construction. The basic 
concept is that for every condition, 
there is an economic material. 

Many factors must be explored be- 
fore an economic evaluation can be 
made. Fundamental considerations, 
such as availability, physical charac- 
teristics , adaptability to fabrication, 
stability under service conditions, etc., 
will generally narrow the field down to 
a few eligible materials or combination 
of materials. Beyond that, it becomes a 
matter of considering all the items con- 
tributing to the final, installed cost plus 
the anticipated maintenance cost of 
each of the selections. 

This article deals with some of the 
typical aspects of material selection 


problems and describes the materials 
commonly used for the construction of 
the most important components of 
modern refinery processing facilities. 


Factors Governing Material 
Selection 

Of the factors that influence the se- 
lection of materials for construction 
of refinery equipment, corrosion is 
predominant. Corrosion may be caused 
by elements originating in the crude 
oil, such as hydrogen sulfide, organic 
sulfur compounds, chloride salts, car- 
bon dioxide, dissolved oxygen and or- 
ganic acids or by chemicals used in the 
refining processes. 

Most important and far reaching in 
its ultimate effect is sulfur, which exists 
in most crude oils as a component of 
various organic compounds. It may be 
generalized that sulfur in refinery 
stocks is corrosive to refinery facilities 
under two conditions: 

1. As hydrogen sulfide in the pres- 


ence of water at low tempera- 
tures. 
As hydrogen sulfide or other or- 
ganic sulfur compounds at high 
temperatures. 

The first condition is manifested as 
straightforward chemical attack and 
offers no complications. The mechan- 
ism of high-temperature sulfide attack 
is not well understood. There is, how- 
ever, a relation between corrosion rate 
and hydrogen sulfide evolution, and 
this relation is used as a measure of 
the corrosivity of crude oils. The ad- 
vent of hydrogenation and dehydro- 
genation processes has introduced still 
further complications; namely, a criti- 
cal pressure relationship between hy- 
drogen sulfide and hydrogen, which 
has completely upset the basis for 
metals selection previously used to 
combat hydrogen sulfide corrosion 
For example, in thermal cracking op- 
erations, it is well known that chrom- 
ium alloys are essential at operating 
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FIG. 1. Effect of chromium content on corrosion 
rate in hydrocarbon service at elevated temperatures. 
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Unifining Solves Major Problem for 


Rock Island Refining Corporation 


By L. E. Winkler 
President 
Rock Island Refining Corporation 
Indianapolis, Indiana 


[nstallation of a 300 barrel per stream 
day Unifining unit has solved a par- 
ticularly knotty problem for us, and has 
enabled Rock Island Refining Corpora- 
tion to raise the 
octane rating of its 
pool gasoline by a 

full number. 


Prior to the time 
the Unifining unit 
went on stream last 
September, our re- 
finery had about 
150 barrels a day 
of low quality vis- 
breaker gasoline 
which, if blended 
with Platformate 
from our UOP Platforming unit, cata- 
lytically cracked gasoline and other 
refinery stocks, would lower the octane 
number of the pool gasoline. Using it 
as a charging stock to the Platformer 
was uneconomical since the vis-breaker 
gasoline contained certain contaminants 
which are known to reduce the life of 
the catalyst. We were, furthermore, re- 
luctant to make a large capital invest- 
ment to improve this material, and we 
did not want to dispose of it as an in- 
ferior product. 

Universal Oil Products Company de- 
signed and engineered the Unifining unit 
in such a manner that it required only a 
comparatively small capital investment 
to convert the vis-breaker gasoline into 
a choice stock for Platforming. Results 
obtained so far indicate that the unit will 
be amortized in about a year on the basis 
of tetraethy! lead savings. 

The Unifining unit at our plant is con- 
siderably different from others now in 
operation. It operates at pressures sub- 
stantially lower than those normally 
recommended for processing olefinic 
stocks; there are no compressors because 
the low operating pressure made it pos- 
sible to design the unit to use excess 
hydrogen from the Platformer without 
recompression ; there are no fired heaters 
since hot effluent from the Platformer 
serves to previde a portion of the heat 
required to maintain the Unifining reac- 
tion, and electronic instruments control 
the unit. 


L. E. Winkler 


The total make of vis-breaker gasoline 
is charged to the unit in admixture with 
enough straight run gasoline to control 
the heat of reaction. The mixed stream 
picks up the required amount of hydro- 
gen for the reaction and enters a heat 
exchanger to be preheated while the 
reactor effluent is being cooled. The bal- 
ance of the required preheat is obtained 
by heat exchange against the reactor 
effluent from the Platformer. The hot 
charge flows over the Hydrobon catalyst, 
which is of the cobalt and molybdenum 
type, and reactor effluent is heat ex- 
changed against incoming charge and 
cooled with water before entering a high 
pressure separator. Any unreacted hydro- 
gen goes to fuel gas. The treated product 
is further reduced in pressure, then is 
mixed with the rest of the charge to the 
Platforming unit. 

After Unifining, the total sulfur was 
reduced to 0.008 weight per cent from 
an original content of 0.143 per cent. 
Basic nitrogen has been lowered to less 
than one part per million when formerly 
it was 2.7. Arsenic has dropped from 120 
parts per billion to less than one part. 
Only a trace of olefins remains in the 
product, whereas the charge contained 
16 volume per cent. Paraffins have in- 
creased from 46 to 58 volume per cent. 
Naphthenes now are 37 volume per cent 
against 31 in the charge. Virtually no 
change is shown in ASTM distillation. 

The electronic controls were chosen 
because we have received good service 
from similar instruments on the Plat- 
former. This instrumentation was a factor 
in lining out the Unifining unit when it 
was placed on stream. Specification prod- 
uct was being produced within four hours 
after the startup. The controls were com- 
paratively easy to install because of the 
experience we had on the Platforming 
unit. They are giving virtually trouble- 
free service. 

Because of Universal’s recommenda- 
tion to install a Unifining unit, we now 
are converting a normally low quality 
product which we could not use profit- 
ably into a charging stock that is ideally 
suited for processing in our Platforming 
unit. Universal furnished the design and 
process engineering for the Unifining unit, 
which was built by refinery personnel. 


ADVERTISEMENT 
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FIG.3. Each type of material, totaling tens of thousands of pieces, in this 


100,000 bbl per day cat cracker in Tide Water's new East Coast plant must be 
chosen for its specific purpose, with many factors influencing the choice. 








FIG. 4. The ultra-severe conditions employed in this topping-cracking unit in 
Iraq's new refinery call for the best in steels, ceramics and fabrication methods 
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temperatures above 600 F (Fig. |) 
Furthermore, corrosion rates reach a 
peak at about 800 F and fall off as tem- 
peratures rise beyond 800 F (Fig. 2). 
Experience has shown that in certain 
reforming and desulfurization opera- 
tions, the intermediate chrominum al 
loys are not adequate and that corro- 
sion rates continue to rise with tem- 
perature, at least up to 1000 F. 

Chemicals used in refining opera- 
tions present specific problems. These 
problems are discussed under the re- 
fining process where the particular 
chemical is used. 

Additional factors to be considered 

are: 

1. Physical requirements to with- 
stand service conditions. Oxida- 
tion resistance and high-tempera- 
ture strength may be important 
Prolonged exposure to high tem- 
peratures requires stability and 
resistance to influences causing 
embrittlement, graphitization, 
decarburization, eic. 
Operational limitations, such as 
product contamination, catalyst 
poisoning, etc. Plugging of cata- 
lyst beds with scale formed in 
tubes and lines may eliminate 
consideration of an alloy even 
though actual material loss is 
within a tolerabl: range. 
Availability in the required time 
and in the required shapes. 
Fabrication of the material must 
be accomplished by reasonably 
standard methods, including 
those that might be required 
during field fabrication or sub- 
sequent maintenance repairs 


Economic Evaluation 

Comparison of generally suitable 
materials must be Lased on the real 
cost of equipment. Real cost is the total 
cost throughout serviceable life, often 
expressed in terms of cost per year. On 
this basis, lowest initial cost is not the 
proper economic criterion since, more 
often than not, maintenance expense 
entailing high labor costs and down 
time, will be proportionately large. The 
sub-committee on corrosion of the API 
Division of Refining estimates that the 
cost of corrosion attributable to main- 
tenance of refinery equipment is ap- 
proximately three times the initial cost 
of “anti-corrosion built in.”* Economic 
plant construction depends on the at- 
tainment of the proper balance between 
initial cost and subsequent maintenance 
expense. The right material is that 
which results in the lowest cost per year 
over the assigned service life 

A valid comparison of real cost can 
not be made without the assumption of 
a reasonable service life. Regardless of 
material, corrosion allowance must be 
based on some anticipated life period 
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To maintain purity in ethylene production, this 
M-Line compressor is equipped with non-lubricated 
cylinders. Note the neat, compact arrangement of 
this “open air" installation. 


Cooper-Bessemer motor-driven compressor, rated 200 
hp at 397 rpm, efficiently handles the compression 
of hydrogen gas in Gulf Oil's, Port Arthur refinery 


with this Cooper-Bessemer compressor... . 


“CLEAN HYDROGEN” for Gulf Oil 


@ In the Port Arthur, Texas, refinery of the Gulf Oil Cor- 
poration, non-lubricated cylinders in a 200 hp Cooper- 
Bessemer compressor prevent any trace of oil from 
entering the gas stream. What could be more simple . . . 
eliminate lubricating oil and you eliminate any possibility 


of contaminating the process. 


These perfected cylinders offer the same trouble-free 
service that has long been standard when Cooper-Bes- 
semer compressors are on the job. Operating against 
micro-smooth, hardened cylinder liners, 22!/,” diameter 
aluminum pistons with carbon rings require no lubrica- 


tion whatever. 


For high efficiency regardless of pressure or volume, for 


compactness, and low maintenance, Cooper-Bessemer, as 
usual, offers the best return on your investment dollar 
Write The Cooper-Bessemer Corporation, Mount Vernon, 


Ohio, for additional information. 





MOUNT VERNON, OWIO 


/ 
COOPER-BESSEMER 


GaOVE CITY, PrNNA 


New York City © Seattle, Wash. © Chicago, Ill, © Houston, 

Dallas, Greggton, Pampa ond Odessa, Texas * Washington, D. C 

Shreveport, la. © San Froncisco, los Angeles, Calif. © St. Lovwis, 

Mo. © Gloucester, Mass. © New Orleons, lo. © Tulsa, Oklo 

Caracas, Venezrvelo © COOPER-BESSEMER OF CANADA, LTD 
Edmonton and Colgory, Alberta, Conodo 


DIESELS @ GAS ENGINES @ GAS-DIESELS @ ENGINE-DRIVEN AND MOTOR-DRIVEN COMPRESSORS 





FIG. 5. Fifty million pounds of isophthalic acid will be made in 
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this Standard of California 


unit, where in many cases corrosive conditions are more severe than in most refinery situations. 


A second requisite for providing cor- 
rosion allowance is a fairly accurate 
prediction of corrosion rates. Esti- 
mates are preferably based on experi- 
ence under similar operating condi- 
tions. Lacking experience, laboratory 
or pilot plant data must be used, keep- 
ing in mind the traditionally wide vari- 
ance between experimental results and 
those found in full-scale operation. 

The estimated initial plant cost must 
include, for each material, all fabrica- 
tion and erection costs. These costs 
will vary greatly and may overshadow 
differences in material costs. For in- 
stance, in a comparison of installed 
costs of piping using intermediate 
chromium alloys and austenitic alloys 
in the 18 Cr-8 Ni range, the latter ma- 
terial will cost about double. However, 
heat treatment and metallurgical con- 
trol of welded joints on martensitic 
chromium alloys will largely compen- 
sate and reduce the final differential. 

Finally, the maintenance factor must 
be considered. Here, experience will 
be the primary guide, and costs attrib- 
utable to intangibles will play a large 
part. For instance, time and effort 
spent in inspection, including dis- 
mantling and re-assembling, will pre- 
dominate where less resistant materials 
are used, since there must always be 
positive proof that predicted corrosion 
rates are realistic. 

Following is a summary of materials 
of construction that have proved eco- 
nomical in the important equipment 
comprising refining facilities currently 
in use. It is not intended to include ma- 
terials for equipment common to all 
refinery processes except where the 
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equipment presents problems peculiar 
to the process under discussion. 


Crude Distillation 

Corrosion in crude distillation units 
is due to high-temperature H,S corro- 
sion above 600 F and to low-tempera- 
ture aqueous attack by water-sulfur 
dioxide-chloride and HS mixtures. To 
combat the H,s corrosion, the crude 
towers are lined or clad with 12 Cr 
(Type 405) material and have tower 
internals of solid 12 Cr alloy wherever 
temperatures exceed 600 F. Tower 
trays and bubblecaps are often made of 
more resistant materials, such as the 
18 Cr-8 Ni stainless alloys, since these 
items are usually relatively thin fabri- 
cated sections. Crude heater tubes are 
5 Cr-% Mo or 9 Cr-l Mo alloy, de- 
pending upon the exact conditions of 
temperature and sulfur content. Piping 
materials vary from carbon steel to the 
stainless alloys. 

Selection of piping materials is 
strictly governed by the economic 
philosophy previously discussed. To 
combat low-temperature aqueous cor- 
rosion, the upper section of the crude 
towers, the overhead piping and the 
condenser system must be protected 
with morel, Type 316 stainless alloy or 
aluminum. Metal spraying the upper 
part of the tower with aluminum may 
be very beneficial here. The injection 
of a film-forming inhibitor to protect 
these locations has shown good results 
in many cases.* 


Coking Units 
Since the reaction temperature range 
of 900-1050 F applies to all coking 


processes, the degree of corrosion pro- 
tection required should be similar. 
Where low-sulfur feed stocks are pro- 
cessed, carbon steel may be used 
throughout the plant. Carbon-moly or 
the low Cr-Moly alloys will often prove 
economical for coker heater tubes, re- 
actors and connected piping. 

Where sulfur-bearing feed stocks are 
processed H,S corrosion will be a prob- 
lem where temperatures exceed 600 F. 
Coking heater tubes are generally 9 Cr- 
1 Mo. The reactors or coke drums are 
normally lined or clad with 12 Cr 
(Type 405) material. Piping connected 
to the heater-reactor system is 9 Cr-1 
Mo or 18-8 alloy. Where a crude 
heater and crude tower are part of the 
coking process. Where low-temperature 
aqueous corrosion by water-sulfur dio- 
xide-chloride mixtures is anticipated, 
protection is required as described for 
similar service in “Crude Distillation.” 


Thermal Cracking Units 

High corrosion rates in thermal 
cracking units are due primarily to 
the evolution of large amounts of hy- 
drogen sulfide. Cracking heater tubes 
are generally 9 Cr-1 Mo. Portions of 
the fractionating towers and exchanger 
shells in which service temperatures ex- 
ceed 600 F are usually lined or clad 
with a 12 Cr (Type 405) material. 
Tower internals and exchanger tubes 
are 12 Cr or 18-8 alloy. Piping is gen- 
erally 9 Cr-1 Mo where seamless prod- 
ucts are available and welded 18-8 for 
larger sizes. In some cases, where con- 
ditions are particularly severe, the 18-8 
alloys may be justified as a general 
material of construction for heater 
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Davison has for many yeors been the 
lecder in the production of catalysts. This 
leadership has been maintained through 
Davison's continuing ability to produce catalysts 
designed to meet the requirements of all types 
of fluid catalytic cracking units. 

For information on-Davison catalysts, see 
your Davison Representative, or write 


DAVISON CHEMICAL COMPANY Fonkoes 
Division of W. R. Grace & Co. \ 
Baltimore 3, Maryland 


Sales Offices: Chicago, lll.; Houston, Tex.; New York, N.Y.; Baltimore, Md. 
in Canada: Davison Chemical Company Ltd., Toronto 


Producers of: Catalysts, Inorganic Acids, Superphosphates, Triple Superphosphates, Phosphate Rock, 
Silica Gels and Silicofuorides. Sole Producers of DAVCO® Granulated Fertilizers. 





Structural Stability, Cot- 
olyst in the form of sub- 
microscopic filaments 
provides the surface 
orea on which catalytic 
reactions take place. 
Lorge filaments give 
greater mechanical 
strength. 








Thermal Stability, The graph 
compares high pore diam- 
eter catalysts (in blue) with 
ordinary catalysts. By resist- 
ing heat deactivation, high 
pore diametercatalystshave < 
a higher useful activity. 
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tubes, vessel lining and piping. Where 
reaction temperatures fall below the 
dew point of water, as in the tower con- 
denser systems, aqueous corrosion may 
occur. Adequate protection is required 
as described in “Crude Distillation.” 


Catalytic Cracking Units 
Protection is required in catalytic 
cracking equipment to combat both 
high-temperature hydrogen sulfide cor- 
rosion and severe erosion by high-ve- 
locity catalyst streams. The reactor 
shell is generally lined or clad with 12 
Cr (Type 405) alloy. Internals are fre- 
quently solid 12 Cr alloy. Where cat- 
alyst impingement is anticipated in the 
reactor, wear plates are installed or an 
abrasion-resistant liner is used. Liners 
may be hydraulic-setting cements or 
hard alloy surfaces. The catalyst trans- 
fer lines and the reactor charge-catalyst 
piping are completely lined with re- 
fractory concrete to resist erosion. The 
fractionating towers are protected with 
12 Cr alloy where temperatures exceed 
600 F. Carbon steel is generally a satis- 
factory material for all piping. High 
corrosion rates have been observed, 
however, in the 700 F temperature 
range, and the 5 Cr or 9 Cr alloys may 
be justified for these locations. The re- 
generator is usually carbon steel with 
an internal two-layer, hexteel-rein- 
forced refractory concrete liner. The 
liner reduces erosion and lowers the 
shell temperature, permitting a thinner 
wall. Regenerator internals are gener- 
ally carbon steel with a refractory or 
welded hard surface wherever catalyst 
impingement will occur, as in the cy- 
clones. Cracking of feed stocks with 
appreciable content of nitrogenous 
compounds will result in the release of 
ammonia, which will attack copper al- 
loy tubes in over-head condensing 
equipment. Where ammonia is present 
in sufficient concentration, it is neces- 
sary to use steel tubes or the proper 
combination of bi-metallic tubes. 
Consideration should be given to the 
high temperature graphitization suscep- 
tibility of the reactor material. This 
problem was emphasized by three reac- 
tor failures in 1951.4 The thermal 
stresses in the failed reactors were ex- 
tremely high due to heavy austenitic- 
cladding material on carbon steel base 
plate. Considerable graphite was found 
in the failed sections and undoubtedly 
contributed to the failures. However, 
an industry-wide survey conducted by 
API of samples removed from high- 
temperature refinery equipment con- 
cluded that none of the samples ex- 
amined showed graphitization to a haz- 
ardous degree. Considerable graphite 
was found in some of the samples, and 
continued sampling at appropriate in- 
tervals waS recommended. Graphitiza- 
tion may’ be eliminated entirely by the 
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use of low chrome-moly alloys or by 
reducing the metal temperature below 
850 F. Judicial selection of steel ana- 
lysis with aluminum additions re- 
stricted to 4% Ib per ton or less will 
lessen the tendency of the steel to form 
dangerous graphitization. 


Hydrogenation and 
Dehydrogenation Processes 

Recent trends in the search for meth- 
ods of upgrading gasoline stocks to 
meet motor requirements have led to 
the commercial development of sev- 
eral catalytic hydrogenation and dehy- 
drogenation processes, commonly re- 
ferred to as reformers. Hydrogenation 
of sulfur as a means of removal either 
precedes the reforming operation or 
occurs simultaneously with it. In any 
case, the equipment at some stage is 
subjected to the combined effect of hy- 
drogen and hydrogen sulfide. Nelson’s 
published data based on hydrogenation 
processes in the chemical industry are 
used as guide for material selection.’ 
The serious effect of mixtures of hy- 
drogen and hydrogen sulfide was not 
anticipated. As a result, reformers not 
preceded by desulfurization developed 
exceedingly high corrosion rates when 
first placed in operation. This experi- 
ence has led to a concerted effort to- 
wards a better understanding of the 
mechanism of sulfide corrosion and 
specifically in the presence of hydrogen 
under partial pressures within the range 
of reformer unit operation.* 

The knowledge we now have of cor- 
rosion in reforming operations indi- 
cates that hydrogen sulfide concen- 
trations below 0.01 per cent by volume 
do not appreciably alter the material 
requirements for handling hydrogen in 
the reactor and recycle streams. Thus, 
process equipment operating in the 
temperature range below 500 F may 
be constructed of carbon steel. Between 
500 F and 700 F, carbon-moly alloy is 
satisfactory. Above 700 F, the chrome- 
moly alloys are required, the percent- 
age of chrome being dictated by fac- 
tors other than the presence of hydro- 
gen, such as resistance to oxidation in 
the case of heater tubes. With hydro- 
gen sulfide concentrations greater than 
about 0.01 per cent by volume and hy- 
drogen pressures commonly en- 
countered in reformers or hydrodesul- 
furization processes, the temperature 
limit governing the satisfactory use of 
steels containing up to 12 per cent 
chromium appears to be 700 F. Beyond 
700 F, 12 Cr alloy may be economi- 
cal for an indeterminate short tem- 
perature range. Higher temperatures 

*API sub-committee on corrosion has formed 
a group to undertake a “Basie Fundamental! 
Study of the Mechanism of High-Temperature 
Hydrogen Sulfide Corrosion and of the Factors 
That Affect It.” 


NACE Task Group T-5B-2 is studying “Sul- 
fide Corrosion at High Temperatures and Pres- 


sures in the Petroleum Industry.” 


dictate the use of the 18-8 stainless al- 
loys or aluminum coatings. Alloys of 
higher chrome-nickel content have only 
slightly improved resistance. 

The alternative use of aluminum 
coatings in reformers has proved suc- 
cessful. Commercially feasible meth- 
ods for applying aluminum are: (1) 
Calorizing (aluminum diffusion), (2) 
molten dipping, (3) metalizing spray, 
and (4) organic vehicle slurry. The in- 
herent resistance of aluminum to hy- 
drogen sulfide corrosion makes any of 
the application procedures economi- 
cally favorable. It should be empha- 
sized, however, that the base metal 
must have adequate resistance to hy- 
drogen at the operation temperature 
since the aluminum is not a barrier to 
hydrogen penetration. 

Considerations other than the cor- 
rosive effect of hydrogen-hydrogen sul- 
fide apply to specific pieces of equip- 
ment. Refractory linings have been 
used in reactor vessels to reduce wall 
temperatures and permit thinner walls. 
Whether or not a refractory liner can 
be justified economically should be 
considered in the light of the antici- 
pated maintenance expense. 

Water injection to reduce exchanger 
fouling is a common procedure. Chlo- 
rides and sulfides originating in the 
feed catalyst or added from external 
sources are corrosive in the presence of 
water. Monel has been used success- 
fully in lines, exchanger tubes, and 
valve trim to combat sulfide and chlo- 
ride corrosion. 


Light Ends Unit 

Corrosion is generally not too severe 
in light-ends processing equipment, and 
carbon steel is the major material of 
construction. Low-temperature corro- 
sion due to the combination of water, 
sulfur compounds, chlorides, organic 
acids, etc. may be severe, however, in 
localized areas of some equipment 
such as condensers. Stabilizer towers 
are susceptible to heavy pitting-type 
corrosion and are usually protected 
wholly or in part by 18-8 Mo (Type 
316) stainless alloy and monel. 

Hydrogen blistering has been exten- 
sive in the light-ends sections of fluid 
catalytic cracking units. Various studies 
have shown that the economical 
method of combatting hydrogen blis- 
tering is to treat the commodity both 
to reduce corrosion and change the 
form of various promoters of hydro- 
gen attack, such as cyanides. Air or 
polysulfide injection supplemented by 
water washing appears to be effective 
in controlling areas of blistering. The 
film-forming inhibitors may also be 
useful in controlling blistering, as their 
effect've use substantially reduces the 
atomic hydrogen liberated by the ac- 
tion of corrosion. 
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Question Box 


. HOW can you persuade your 
dealers to try for increased sales 
volume on the basis of good 
management practices? 
The article at the right may 
give you some ideas. 


. HOW can you insure stability of 
distillate fuel oils? 
See below for answer and other 
important information concern- 
ing effective additives. 


8. WHO can help you with your 
fuel oil stability problems? 
You can read on the next page 
about one of many Du Pont 
specialists in this field. 











Need continues for 
additives in all types 
of fuel oils 


The market for fuel oils is becoming 
more complex as the result of a demand 
for petroleum products tailored to spe- 
cific consumer needs. 

To accomplish this tailoring job, 
chemical additives generally offer you 
the easiest and most economical means 
. . . particularly where stability and 
blending compatibility problems are 
involved. This is true of furnace oils, 
diesel fuels, and residual fuels. 

The various aspects of tailoring these 
different types of fuel oils to consumer 
demands through the use of additives 
were recently discussed in a paper by 
William deB. Bertolette and John D. 
Rogers of the Du Pont Petroleum Lab- 
oratory, presented before the Western 
Petroleum Refiners’ Association. 

Du Pont Fuel Oil Additive No. 2 
(FOA-2) is ideally suited for stabilizing 
these fuel oils because it is an ashless 
polymeric additive. This means that it 
does not leave a metallic deposit or 
alter the chemical characteristics of the 
deposits that are formed. 


Stabilizer and dispersant 

Du Pont FOA-2 not only stabilizes the 
fuel to prevent sludge formation, but it 
also helps to rid dirty systems of any 
sludge that 
formed. 

If you would like more information 
on Du Pont FOA-2 or a copy of the 


may have previously 
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Why are some dealers 


more successful than others? 


The latest report — No. 5 in the Du Pont Service 
Station Operator Survey — reveals many control- 
lable factors bearing on this question. 


“Stay open long hours. . 


and accessories'” 


These three practices are common to most of the stations which are 


. advertise ... 


carry a complete line of tires, batteries 


most 


successful. There are, however, many more ingredients of success revealed in 
Du Pont’s Service Station Operator Survey, Report No. 5, just published 
Marketing men in the industry of course are well aware of the factors which 


make a service station successful. 

However, the highly interesting sta 
tistics developed through the survey 
may help them determine the degree 
to which each factor contributes to 
success, and may go far toward help- 
ing them convince dealers. 


Most significant 


This is the final and most significant 
report of the 5-part series. It discusses 
the interrelationship of various factors 
affecting service station operation. It 





W.P.R.A. paper entitled “Improving 
Fuel Oils through the Use of Addi- 
tives,” just send your request to any of 
our sales offices listed on the next page. 


| 





may also interest you to know that in 
preparing this report, the results were 
sorted, weighed and correlated by the 
Univac electronic computer 

The survey data, however, should 
not be interpreted to show cause-and 
effect relationships. And no singk 
of the factors analyzed, of and by it 
self, can guarantee success. Too 
of the variables may be considered be 
yond the station operator's control 


one 


some 


Successful stations 


Yet, the report shows clearly that there 
is a marked difference between success 
ful and unsuccessful stations. What's 
more, most of the variables considered 
in this report are of such a nature that 
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Dealer Success 


the service station operator has, within 
his power, the means for reducing any 
differences between his station and sta- 
tions that are outstandingly more suc- 
cessful. 

In practical terms, this means that of 
any representative cross-sectional group 
of stations, some can usually be said to 
be enjoying a higher income than the 
average if an established set of condi- 
tions is met: 

1. Stay open longer. 

2. Do more advertising. 

3. Offer complete services. 

4. Managed = operator with long 
experience in charge of station. 
Managed by operator active in 
community projects and organi- 
zations. 

Owner-operated. 

Are neat. 

Managed by better educated 
operator. 

Sell TBA. 

Price of regular gasoline thought 
by dealer to be lower than in his 
vicinity. 


Which of the aan tt types 
of advertising have you weed? 


- no 
en 
ee oe 
am 


wien imcome mG ea omaet 


tow come tow gonenag® 
vow income Gn GALLOMARE 
iG INCOR ow otenaet 
won mmcomt ign GALLONAG! 
tow income Woe coieneet 
tow income MiG GALLONAGE 
eng const, tow gatlonngt 
wren income ween GALLORAGE 


tow aceme Www gattonegt 
tow income WH GALLONAGE 


HERE 1S a typical page from Report No. 5 on 
the Du Pont Service Station Operator Survey. 
it shows that over 40% of the high-income 
high-gallonage stations spend more than $200 
annually for off-station advertising. On the 
other hand, only 6.8% of the low-income/low 
gallonage stations spend more than $200 an- 
nually for off-station advertising. 


Continued middie next coil 


WILLIAM deB. BERTOLETTE is 
Technical Service Supervisor of the 
Fuel Oil Group at the Du Pont Petrole- 
um Laboratory. 

He joined the Du Pont Company in 
1936 after graduating from Pennsy]l- 
vania State University with a B.S. de- 
gree in chemical engineering. His first 
assignment was at the company’s Jack- 
son Laboratory, where he did analyti- 
cal work on dyes and other organic 
chemicals. He was then transferred to 
the Chambers Works where he be- 
came a chemist in the TEL area. 

From 1938 to 1946, Mr. Bertolette 
was stationed at the Baton Rouge plant. 
There he was in charge of chemical 
control work, and later became a TEL 
Production Supervisor. He was trans- 
ferred to production control work in 
Wilmington in 1946. In 1950 he joined 
the Technical Section. 

He assumed his present position at 
the Petroleum Laboratory in 1955. Mr. 
Bertolette is a member of the American 





AT DU PONT PETROLEUM LABORATORY 


WILLIAM deB. BERTOLETTE 


Institute of Chemical Engineers and of 
the Petroleum Division of the Ameri- 
can Chemical Society. 








Relative importance studied 


Although no absolute dollar values can 
be assigned to the success-factors, we 
were able, with the help of the Univac, 
to analyze their importance relative to 
the over-all success of a number of sta- 
tions in the survey sample. You will 
probably find the bar charts presenting 
these data among the most interesting 
and valuable parts of this Survey Re- 
port No. 5. 

The report also discusses each of the 
factors individually . with the sup- 
porting evidence clearly presented in 
the easy-to-follow bar chart form. 


Survey entirely objective 


Sponsored by Du Pont, the survey was 
conducted on a completely impartial 
basis by National Analysts, Inc. It was 
nationwide in scope and a part of the 
continuing market research work con- 
ducted by the Du Pont Petroleum 
Chemicals Division. It follows logically 
the recent Du Pont survey of service 








Petroleum 


station customer buying habits. 

Using the scientifically accurate area 
sampling method, the survey consisted 
of personal interviews with 2,633 serv- 
ice station operators. This sample is 
representative of all the operators in 
the United States. 


Available to marketers 


The findings of this report, like the 
findings of the four which preceded it, 
are available to all oil companies. 

For more information about this sur- 
vey, just get in touch with one of our 
representatives at the nearest 


office listed below. 
7 


| 


sales 





sy 


acs i] 
Better Things fo. Better Living | 
. «+ through Chemistry 


*hemicals 














E. 1. DU PONT DE NEMOURS & COMPANY (INC.) Petroleum Chemicals Division . 


Sales Offices: 


CHICAGO 3 — 8 So. Michigan Ave 
HOUSTON 2 — 705 Bank of Commerce Bidg 
LOS ANGELES 17 — 612 So. Fiower St 
NEW YORK 20 — 1270 Ave. of the Americas 
PHILADELPHIA 2 — 3 Penn Center Ploza 


IN CANADA: Du Pont Company of Canado Limited—Petroleum Chemicals—85 Eglinton Avenue East—Toronto 
OTHER COUNTRIES: Petroleum Chemicals Division—Export Soles 


8630 
115) 


RAndolph 6 
CApito! 5 
5 SEATTLE 3 — Room 

5 TULSA 1 — P. O. Box 730, 


MAdison 169) 
COlumbus 5-2342 
LOcust 8-3531 


PITTSBURGH 22 — Room 75! 
SAN FRANCISCO 4 — Room 626, 
215, 4003 Aurora Ave 


Room 7496, Nemours Bidg.—Wilmington 98, Del.—Olympia 4-512! 


Wilmington 98, Delaware 


ATiontic 1-2933 
EXbrook 2-6230 
MElrose 6977 
LUther 5-5578 


1 Gateway Center 
111 Sutter St. 


1811 So. Baltimore Ave 


12, Onterio—HUdson 1-6461 
Ext. 2962 
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Treating Processes 

A great variety of treating processes 
are used in refining for removal of un- 
desirable compounds from product 
streams. Essentially, all treating pro- 
cesses involve the addition of chemi- 
cals, intimate contact, and finally sep- 
aration of the oil and chemical. 

Sulfuric acid at concentrations of 85 
per cent to 95 per cent can be handled 
with steel equipment as long as the tem- 
perature is below 125 F. While most 
acid-treating operations are carried out 
under these conditions of temperature 
and concentration, the temperature will 
generally exceed 125 F at some stage of 
the reaction. In these locations, brass 
(especially red brass) has been used 
extensively. 

Lead has traditionally been asso- 
ciated with sulfuric acid handling and 
is used in treating operations as a liner 
for vessels, valves, lines, etc. Alloy 20 
appears to be the most economic ma- 
terial for valve construction. Acid leak- 
ing from pump glands and drained 
from equipment is corrosive to con- 
crete and sewer lines. Such struc- 
tures are protected with acid-resistant 
masonry construction, including car- 
bon brick. Silicon iron pipe does a good 
job in sewer systems. 

The hydrocarbon stream, after be- 
ing contacted with concentrated acid, 
is water and caustic washed. Dilute sul- 
furic acid is very corrosive to steel. 
This is particularly true of areas ad- 
jacent to welds. Monel, the Hastelloy 
alloys, copper alloys, and lead are used 
successfully. High silicon iron is al- 
most completely resistant to dilute acid 
but is brittle. Particular attention is 
paid to the equipment in which water 
or caustic streams contact the concen- 
trated acid. The object is to accomplish 
dilution and neutralization in the short- 
est possible time so that the least physi- 
cal area of equipment is exposed to the 
dilute acid. Silicon iron line mixers 
are useful in this regard. 

Sodium hydroxide is widely used in 
refining operations for the neutraliza- 
tion of organic acid components and 
for grease manufacture. All concen- 
trations of caustic are handled in car- 
bon steel equipment at temperatures 
up to about 130 F. At higher tempera- 
tures, the corrosion rate of steel is ac- 
celerated, and at 300 F, steel will no 
longer be economical. At any concen- 
tration, steel is susceptible to stress- 
corrosion cracking above 130 F and 
must be stress relieved. Where steel 
equipment is not adequate, austenitic 
alloys (18-8 L) are useful, but should 
be stress relieved. Monel or nickel are 
required for service above 400 F. 


Alkylation Units 
Two alkylation proceses are in use 
in which either sulfuric or hydrofluoric 
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Emergency 


Service on 
Emergency 
Shutdown 


Re pa irs get top priority in the 


Glitsch pliant. You can always 
count on Glitsch to get you back 
on stream as quickly as possibile. 


The basic design of Glitsch “Truss- 
Type”® tower internals affords un- 
usual protection against wreckage 
caused by explosions and serious 
bumps. Because of this, we are usually 
able to effect from 90 to 95 per cent 
recovery of Glitsch internals returned 
to us for repair. And after we expedite 
an emergency order through our plant 
we send back a complete set of instal- 
lation drawings; too, if the services of 
our experienced field personnel can be 
used to assist your boilermakers in the 
initial hours of the installation, he is 
no farther away than your telephone. 
Because of Glitsch service like this, 
operators do not have to carry a large 
stock of fabricated parts for quick 
replacement. 

Call Glitsch in on scheduled turn- 
arounds, too. Regardless of the process, 
your project will be expertly fabricated 
according to all requirements, at com- 
petitive prices, and with a quality of 
workmanship that is unexcelled. 


FRITZ W.GLITSCH 
& SONS, INC. 


Dallas * New York = 


Tulsa + Cleveland 
Chicago « Houston 
Los Angeles > Uxbridge, Canada 
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...use spark-resistant 
Ampco Safety Tools 
in hazardous locations 


Plants, equipment, and inventories 
cost a lot of money, but human life is 
priceless. With so much at stake, many 
companies rely on Ampco Safety Tools 
in hazardous locations, for protection 
and improved worker morale. 


Ampco Safety Tools don’t give off 
dangerous hot sparks. Yet, they are 
hard enough and strong enough to 
stand up under practical service condi- 
tions. Factory Mutual Laboratories 
and other safety authorities approve 
them for use wherever there are dan- 
gerous, inflammable liquids, explosive 
gases, dusts, or vapors. 


An investment in Ampco Safety 
Tools pays big dividends in fire preven- 
tion. So protect your plant and your 
people — select the tools you need from 
more than 400 different items. Write 
for our new catalog PE-7. 

AMPCO METAL, INC. 


Dept. NS-9, Milwaukee 46, Wisconsin 
West Coast Plont + Burbank, Colifornic 


in Caneda . . . it's Safety Supply Company, Toronto, Ontaric 


TH RIETAL WITHOUT AN EQUAL 
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For tools subject to impact 
and/or torque — specify 
Ampco Metal Tools. 


For tools that have cutting 
edges or gripping teeth — 
specify Ampco Beryllium 
Copper Tools. 


F 


ZO 
$9 


For tools to be used in the 
vicinity of acetylene or sim- 
iler gases, specify Ampco 
Monel” Tools. 

*T.M. International 

Nickel Co 


acid is used as a catalyst. In general, 
corrosion problems are associated with 
the extent to which dilution with water 
occurs. Both acids can be handled with 
steel as long as they remain concen- 
trated and velocity is controlled. 

Temperature is controlled to rela- 
tively low limits and does not become a 
factor. 

Material problems develop where 
there are restrictions in valves and fit- 
tings, in areas of turbulence, and where 
leakage to the air can occur. Stainless 
steels, Types 304, 316 and Alloy 20 
have proved satisfactory for valves in 
sulfuric acid alkylation, Monel for HF. 

Where pressure ratings permit, the 
use of Alloy 20 or Monel MSS valves 
are economical. These valves were de- 
veloped for the chemical industry. The 
flanges are light and should be full-face 
gasketed. Pump materials should in- 
clude Alloy 20 or monel impellers and 
wear rings. Gland leakage from pumps 
and valve stems must be avoided. 
Teflon-impregnated packing does a 
good job. 


Isomerization Units 

Carbon steel has adequate resistance 
to anhydrous hydrochloric acid and is 
used extensively for equipment in the 
solid catalyst isomerization process. 
Control of the amount of water present 
must be adequate to prevent accele- 
rated corrosion. 

The liquid-phase isomerization pro- 
cess employs aluminum chloride-hy- 
drocarbon-4 per cent hydrochloric acid 
mixtures. None cf the common ma- 
terials of construction, including the 
chrome-nickel-moly stainless alloys, 
have adequate resistance to this en- 
vironment. Monel and the Hastelloys, 
especially “B,” are used to protect 
équipment in this service. 
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REFINING FUNDAMENTALS 


Mechanical Division 


V. REFINERY LAYOUT AND DESIGN 


A, 


Protective Relaying Systems 
For the Modern Refinery 


W. C. Woods 


Westinghouse Electric Corporation, Houston, Texas 


Prorecrive relays have been called the brains of 
the electrical power system. As these systems have grown 
and become more complex, it becomes apparent that the 
relaying practices formerly used become obsolete unless 
modernized to keep pace with the remainder of the re- 
finery system. The following general policies should be 
followed: 

(1) Periodically, relaying practices in the electrical in- 

dustry should be reviewed, and the best of these prac- 
tices should be utilized in refinery electrical systems 
where applicable. 
Protective relays must be selected not only to give 
adequate protection tor the equipment in question, 
but they must coordinate properly with relays on the 
remainder of the system. 

(3) Relaying problems should be considered during the 
design stage of the electrical system so that proper 
relays will be supplied. 

(4) Capable personnel should be available to properly 
select, install, and maintain protective equipment. 

In the early development of electrical systems for oil 
refineries, little emphasis was placed on protective relaying 
schemes. Since these early systems were often relatively 
small and simple and maximum service continuity was 
not always considered necessary, this lack of planning was 
not a serious handicap. In recent years, however, these 
systems have become more complex, short-circuit currents 
have increased, and refining processes have come to de- 
mand more reliable service. Because of these and other 
factors, electrical engineers in refineries have found it nec- 
essary to give much more consideration to relaying prob- 
lems in an effort to provide more reliable service to major 
process units, as well as to prevent or limit damage to 
equipment in case of improper operation or electrical 
failure. 


Requirements of a Relaying System 

Before discussing specific relaying problems, it might be 
well to review briefly some of the requirements of a good 
relaying system. 
Dependable. Above all, a relaying system should be de- 
pendable, particularly when a lack of dependability would 
cause a shutdown of a major process unit. 
Selective. The system should be selective to the point that 
a fault in any part of the system should not cause an 
unnecessary outage to any unaffected load, particularly if 
this load is a vital process unit. 
Fast. As systems increase in size and fault currents be- 
come greater, it becomes more desirable to decrease relay- 
ing time in order to limit damage to electrical and asso- 
ciated equipment. In a refinery area, it is even more vital 
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that any fault be cleared as soon as possible in order to 
limit the probability of causing a nonelectrical fire or 
explosion. Fast clearing of faults can mean less system 
disturbance, thus reducing outage time to the affected cir- 
cuit. It may also prevent an unstable condition from 
developing between generators or other synchronous 
machines. 

Simple. The relaying system should be kept as simple as 
possible, consistent with other requirements. For example, 
the proper use of instantaneous trip attachments on induc- 
tion overcurrent relays may sometimes be used in prefer- 
ence to more complex relaying with similar results. 
Economical. The question of economics cannot be over- 
looked in the selection of any type of equipment. With 
protective relays, it is, however, often very difficult to 
properly evaluate the first cost plus maintenance of pro- 
tective equipment compared to the probability of extended 
or unnecessary outage time and additional equipment 
damage under fault conditions. It should be pointed out, 
however, that one unnecessary outage of a major process 
unit may result in losses of production many times the 
value of a few protective relays, which might have pre- 
vented such an outage. 


Information Required for Relay Selection 

It is usually impractical to select the proper relays for 
any piece or group of electrical equipment without look- 
ing at the electrical system as a whole. Before relays can 
be properly selected, it is necessary to analyze a system, 
one-line diagram or equivalent, and have an understand- 
ing of normal system operation. Both maximum and mini- 
mum system fault currents should be known for all types 
of faults. Normal full load and peak load currents should 
be known. Where transient stability may be a problem, 
the approximate time for the system to become unstable 
should be known for various abnormal conditions. Charac- 
teristics of instrument transformers must be evaluated. 

When new equipment is added to an existing system, 
it is necessary to know the characteristics of other protec- 
tive equipment on the system. For example, when select- 
ing time-overcurrent relays, it is necessary to know the 
time-current characteristics of other protective equipment 
(such as fuses, series overcurrent trip devices on breakers, 
other relays, etc.) with which the new equipment must 
coordinate. 

Basically, it then becomes obvious that the relaying of 
one component part of an electrical system usually affects 
the relaying of other parts of the system. This is true to 
the extent that protective equipment improperly selected 
can make it very difficult and sometimes impossible to 
obtain proper coordination of the protective system. 
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FIG. 1. High-voltage substation feeding a refinery in the Texas Gulf Coast area. Two 66-kv incoming lines 
provide a dependable power supply. Relaying panels are located in battery and control house at right. 


Protection of System Components 

Generally speaking, an electrical system can be divided 

into protective zones so that a minimum system disturb- 
ance is caused when a fault is isolated by the proper relays 
and associated circuit breakers. It is desirable that each 
protective zone include only one major system component 
such as a generator, transformer, bus, transmission circuit, 
or feeder circuit as shown in Fig. 1. Economic considera- 
tions, however, often dictate that more than one system 
component be included in a particular zone of protection. 
It is impractical to describe in detail the many relaying 
schemes used for the protection of each zone. A brief dis- 
cussion, however, will be included relative to some of the 
relaying schemes used in modern systems for each pro- 
tective zone. 
Generators. Many refineries generate all or part of their 
electrical energy. Until recent years, a large number of 
these generators had no protective relays whatever to re- 
move them from the system in case of internal or external 
trouble. The general feeling seems to have been that there 
was little justification to risk the loss of a main unit because 
of erroneous relay action, particularly since generator faults 
occurred so infrequently. Some efforts were made to use 
overcurrent relays on generators, but this practice proved 
difficult if not impossible. It was usually argued that an op- 
erator was on duty at all times and he could trip the unit 
from the line is case of absolute necessity. 

As the size of generators increased to provide power for 
increased loads, fault currents also increased and system 
operation became more complex. Since excellent generator 
differential relays were available, it became obvious that 
their use could easily be justified, particularly on all im- 
portant units, Thus, modern practice is strongly in favor of 
differential protection for all major generating units. 

As machines have increased in size, experience has shown 
that the loss of field on a major generating unit can cause 
severe system disturbances. Upon complete loss of field, the 
flux decays slowly and the machine, instead of feeding re- 
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active kva into the system, begins to take its excitation from 
the system and approach the characteristics of an induction 
generator. Even though the generator will continue to feed 
power into the system, the voltage at the machine terminals 
may be reduced to the point where system instability may 
result. Many factors such as generator loading, relative 
size of the unit to the total system capacity, excitation 
characteristics of other machines on the system, etc., de- 
termine whether or not it is necessary to remove the ma- 
chine from the system. If the voltage at the machine 
terminals does not go too low, it may be possible to re- 
store excitation to the unit without removing it from the 
line. If after a given period of time the field is not properly 
restored, or if the terminal voltage drops too low, it is de- 
sirable to take the unit off the system. Relays are now avail- 
able to perform these functions, and it is considered de- 
sirable to use a loss-of-field relay on each major unit on a 
system. 

A potential cause of damage to generators that has 
gained considerable attention in recent years has been ex- 
ternal phase-to-phase faults, which can cause severe local 
heating in the rotor circuit of the unit. This heating is much 
more severe for unbalanced than for balanced faults. Thus 
in recent years, negative-sequence relays have been de- 
signed that are responsive to the negative-sequence com- 
ponent of current. These relays have time-current charac- 
teristics to protect a generator from these unbalanced fault 
conditions. 

Another relay that performs a somewhat similar function 
to the negative-sequence relay is the voltage-controlled 
overcurrent relay. This relay is used primarily to remove 
the generator from the line in case external faults near the 
terminals of the unit are not properly cleared. As was 
pointed out previously, it has been difficult to apply over- 
current relays to generators and adjust them so that they 
would coordinate properly on external faults and yet trip 
properly when called upon to do so. These voltage-con- 
trolled relays can be satisfactorily applied on small systems 
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FIG. 2. Relaying panels for control of two incoming 66-kv lines, 
showing pilot wire and associated relays. 


where bus differential relaying cannot be economically 
justified, or as backup protection for bus or close-in feeder 
faults. It should be pointed out that if the overcurrent ele- 
ment of the relay is set below full-load current of the gen- 
erator and a potential transformer fuse opens, the unit may 
be tripped incorrectly from the line. One compromise on 
this point is to set the overcurrent element slightly above 
full-load current so that the unit will not trip incorrectly 
unless there is an abnormal current at the same time that 
voltage is lost to the relay. It is felt that if the generator is 
equipped with an automatic voltage regulator, there will be 
adequate current to trip the relay for this setting under fault 
conditions. 

There are many other special-purpose relays available 
for application to generators such as thermal relays of var- 
ious types, relays to detect grounds in the field windings, etc. 
Such units can be properly applied at the discretion of the 
system designer. 

Basically, it is felt that differential relays should be used 
on all important generating units. Loss-of-field relays should 
be given serious consideration on all major units, and nega- 
tive-sequence or voltage-controlled overcurrent relays may 
be properly applied under many conditions involving all 
types of units. 

Buses. As with generators, major electrical buses are not 
particularly susceptible to faults. When such faults are not 
cleared quickly, however, they can cause major equipment 
damage and extensive outage of service to important pro- 
cess units. 

Most common scheme for bus protection uses some form 
of differential relaying. Originally, overcurrent relays were 
used in a differential connection for bus protection. Due to 
the saturation of current transformers on high fault cur- 
rents, it was necessary to use high current and longer time 
settings to prevent tripping on external faults. These set- 
tings made the protective scheme very insensitive to in- 
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ternal faults. Ratio differential current relays have been 
used for many years that are quite sensitive to internal 
faults, which may cause current transformer saturation. 
Many such ratio differential relays have been in service 
for many years and given excellent service. 

Many schemes have been devised to avoid the saturation 
effects of current transformers used in differential schemes 
when heavy external faults occur. One such scheme elimi- 
nates the problem completely by using linear couplers in- 
stead of current transformers. Since there is no iron to 
saturate, the voltage output of the coupler is directly pro- 
portional to the primary current. The secondaries of the 
couplers are then connected in series and the resultant volt- 
age fed to an instantaneous voltage relay as shown in Fig. 
2. If the sum of the currents into the bus equals zero, then 
the linear coupler voltages add to zero and there is no 
voltage applied to the relay. For an internal fault, the differ- 
ential current causes a voltage proportional to this current 
to appear across the relay, thus getting fast clearing of the 
fault. 

Another arrangement that is gaining in popularity for 
bus protection in the load area is the bus overload scheme. 
This scheme is particularly applicable for substation buses 
with dual feed such as would be the case for a loop system. 
Basically, this scheme parallels the current transformers in 
the two incoming circuits as shown in Fig. 3, thus allowing 
the bus overload relays to see the sum of the currents fed 
into the bus. This simplifies coordination with feeder re- 
lays fed from the protected bus and also provides backup 
protection for feeder circuits. Although less expensive, this 
scheme has the disadvantage of being slower and less sensi- 
tive than bus differential relays. Generally, this scheme 
should be considered for buses fed from two or three sources 
where differential relaying cannot be economically justified. 

It is felt that modern refinery practices indicate that the 
major buses in a refinery should have some form of differ- 
ential protection to limit damage to equipment and outage 
time on the system. On other important buses where differ- 
ential protection cannot be justified, slower speed relaying 
such as bus overload protection (or voltage-controlled re- 
lays where the bus is fed directly from generators) should 
be provided to insure that a bus fault would not be allowed 
to exist indefinitely. 

Transformers. Smaller power transformers are usually 
protected by overcurrent relays actuated by current trans- 
formers located on the primary side of the transformer. 
Fuses are sometimes used for the smaller units where cir- 
cuit breakers with relays cannot be economically applied. 
The protection of larger transformers becomes more com- 
plex and requires more consideration. 

Most common type of first-line protection for these larger 
transformers is provided by differential relays. Because 
most transformers have taps that change the ratio of pri- 
mary to secondary turns, and because current transformers 
are often difficult to match from a ratio as well as a satura- 
tion standpoint, transformer differential relays cannot be as 
sensitive as those for generators and bus protection. 

One of the major problems associated with transformer 
protection is the magnetizing inrush current when the unit 
is first energized or when a nearby fault is cleared. Various 
schemes are used to prevent tripping on this inrush current 
One method is to temporarily desensitize the relay when 
the transformer is first energized but will still allow fast 
tripping on any major internal fault. Another scheme uses 
the harmonic currents that are present in the inrush current 
of the transformer to provide a restraint to prevent trip- 
ping on inrush currents. 

In recent years, a sudden-pressure relay has been de- 
veloped for mounting in the gas space of a liquid-filled 
transformer that will operate on a sudden increase in gas 
pressure inside the transformer tank. An arc under oil re- 
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Stubborn resistance to valve seat wear, due 
to erosion, corrosion and galling, is built into 
Vogt GP valves with Stellite faced seating 
surfaces used in conjunction with hardened 
discs and wedges. By an exclusive method, 
hard facing alloys are welded to the integral 
seat of globe and angle valve bodies and to 
the removable stainless steel seat rings of 
gate valves. 
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This important feature, available at no extra 
cost, assures operation economies and longer 
valve life. A catalog describing the complete 
General Purpose line of valves in sizes 1/4” 
to 2” will be sent on request. 
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of Vogt GP valves. 
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FIG. 3. Relaying panels in cutdoor metal-clad switchgear. The panel 
on the left shows transformer overcurrent, differential and ground 
relays. The panel on the right protects a feeder circuit with phase 
and ground overcurrent relays. 


sults in the evolution of gases, causing a pressure wave to 
be sent out in all directions. The relay being sensitive to 
rate-of-pressure rise, any significant arc under oil causes op- 
eration of the relay. This relay thus provides very fast, 
sensitive protection from any fault under the transformer 
oil. 

Protection of power transformers should consist of over- 
current relays, often used in conjunction with differential 
or sudden-pressure relays. A major transformer may justify 
the use of both these later types of relays. 

Transmission Circuits. The electrical system in most re- 
fineries has grown to the point where often there is more 
than one power plant or where the refinery electrical sys- 
tem operates in parallel with an electrical utility company. 
Although the voltages involved are usually in the order of 
13.2 kv, protection of the major tie circuits between these 
power sources can well be termed as transmission lines, and 
protection of these circuits usually demands reliable, high- 
speed relaying. 

At one time, overcurrent or directional overcurrent re- 
lays were most commonly used for the protection of these 
as well as feeder circuits. In recent years, it often has been 
found necessary to provide high-speed relaying on these tie 
circuits not only to limit fault damage and outage time, but 
also to coordinate with other system relays and to prevent 
system instability. There are several methods available to 
provide this high-speed protection. One such system works 
on the principle that currents are normally equal on simi- 
lar circuits. A fault on either of the protected circuits will 
cause proper clearing of that circuit due to the unequal cur- 
rents. Since the circuits involved in refineries are, however, 
usually relatively short, pilot wire relaying is gaining in 
popularity and has been used quite extensively in recent 
years. This scheme uses the mechanics of symmetrical com- 
ponents to compare the currents at the two ends of a given 
circuit. If the current leaving the circuit is not approximately 
equal to and in phase with that entering the circuit, the 
breakers at both ends of the line are tripped simultaneously. 
This scheme gives very fast, selective clearing of internal 
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faults, and it is felt that such protection should be con- 
sidered on major tie circuits. 

Feeder Circuits. The majority of feeder circuits in re- 
fineries are radial type and use induction overcurrent re- 
lays as the main protection. Where process units require 
more reliable service than can be provided by radial cir- 
cuits, loop circuits often are used to provide dual feed to a 
substation. On these circuits, special conditions sometimes 
require the use of pilot wire relays as discussed for trans- 
mission circuits. Usually, however, induction overcurrent 
and directional overcurrent relays can provide relaying that 
will coordinate satisfactorily and still be fast enough that 
system stability will not be lost. 

Large Motors. There are many types of protection used 
for large motors in refineries. Protection in the form of over- 
current relays or series overcurrent devices mounted di- 
rectly on circuit breakers are almost always used with these 
motors. In addition, differential relays often can be justi- 
fied on larger units. Thermal relays of many types are 
available and are used quite extensively. Undervoltage re- 
lays often are desirable where a sustained reduction in 
voltage may occur. 

Since power fuses are not used extensively in refinery 
distribution systems, phase balance or negative-sequence 
relays may not be required. A relatively small voltage un- 
balance, however, may cause a severe unbalance in current 
and excessive motor heating that may not be detected by 
the normally used overcurrent or thermal relays. Therefore, 
where voltage unbalance or single phasing is a problem, 
these negative-sequence or phase-balance relays should be 
given serious consideration. 


Load Shedding by Underfrequency Relays 

There are many emergency situations that can arise 
which can cause a shortage of generation in a refinery sys- 
tem. For example, the loss of one or more generators on an 
isolated system may cause such a shortage of power that 
the remaining units cannot maintain frequency. Or if an in- 
terconnection is normally maintained with a utility, this tie 
can be lost with a resultant shortage of power. 

Regardless of the cause of this power shortage, it is often 
necessary to take corrective steps quickly or face a com- 
plete system shutdown. The allowable time to make these 


FIG. 4. Transformer with 15-kv metal-clad switchgear. The panel on 
the left shows feeder relaying. Mounted on the righthand panel are 
differential and overcurrent relays for a tie bus. 
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PROBE 
PROVIDES 
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proof that Kontol corrosion inhibitors 
effectively protect against hydrogen 
blistering in fractionating systems 
associated with catalytic cracking units. 
In case after case, the use of Kontol 
reduced hydrogen penetration, as 
indicated by probes, from a 20 to 25 psi 
build up per eight hour period to the 
0 to 3 psi range. In addition, in 

every case, blistering was materially 
reduced or arrested. Metal losses were 


reduced in the 70% to 90% range 
and, due to Kontol’s powerful 
detergent action, fouling and scaling 
on condensers, towers and exchangers 
became negligible. 


Konto] is an effective corrosion preventive in 
virtually every major element of refining 
equipment. For complete information ask the 
Kontol service engineer in your area, or write to 


TRETOLITE COMPANY 


A DIVISION OF PETROLITE CORPORATION 
369 Marshall Avenue, Saint Louis 19, Missouri 
5515 Telegraph Road, Los Angeles 22, California 
Petrolite Ltd., 120 Moorgate, London EC2, England 


Chemicals and Services for the Petroleum Industry 
DEMULSIFYING, DESALTING, CORROSION PRE. 
VENTING, WATER DE-OILING, PARAFFIN 
REMOVAL, SCALE PREVENTING, 


PRODUCTION STIMULATING KR 56H 
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PACKINGS 


SIMPLIFY YOUR PACKING PROBLEMS 


these 6 packings will handle most of your requirements 





STYLE 193—U.S. CENTRIFUGAL PUMP PACKING 


For centrifugal pumps, or other rotating or oscillating rods or shafts, 
handling hot or cold, fresh or salt water, oi!, brine, weak acids, caustic 
solutions and ammonia. Made of long fibre-asbestos yarn, plaited square. 
Each strand thoroughly lubricated and graphited. 


STYLE 193 














STYLE 101—U. 5S. RAINBESTOS HIGH-PRESSURE 
ROD AND PLUNGER PACKING 

Designed for high-pressure steam, air and gas up to 500° F. Made from 
selected asbestos cloth, woven frorn tightly twisted asbestos yarn, with 
a genuine U.S. Rainbow non-hardening cushion, formed square, and 
treated with heat-resisting lubricants and preservatives and with a 
graphite solution. 

STYLE 101 














STYLE 16010-—U.5S. MATCHLESS PACKING 


Matchless is the high-pressure packing—will withstand hydraulic pres- 
sures as high as 8000 pounds. Self-adjusting, automatic action results 
in reduced wear and tear on rods and plungers, minimizes friction, keeps 
down packing costs. For hydraulic equipment, presses, rams, triplex 
pumps, outside packed pumps, and outed on rotary drilling rigs. 

STYLE 16010—DUCK AND RUBBER 














STYLE 463—U.5S. PEERLESS CANVAS PUMP PACKING 


For service on inside packed pumps against hot or cold water, 
and for end rings in hydraulic sets. Made from first quality, closely 
woven duck laminations cemented together with a high quality 
rubber friction. Light in weight. 


STYLE 463 














STYLE 125—U.S. WIZARD ROUND BRAIDED 
ASBESTOS PACKING 


For use in valve stems, reciprocating rods and plungers, against 
steam, air, hot and cold water, ammonia, oil, chemicals and some 
acids. Made of long fibre asbestos yarn, braided in round cross- 
section in the braid-over-braid construction, thoroughly lubricated 
and graphited throughout. 

STYLE 125 














STYLE 899 (F.O.P.)—U.S. COMPRESSED ASBESTOS SHEET 


F.O.P. (Fibre Oil-Proof) is the original oil-proof asbestos fibre 
high-pressure sheet developed especia.iy for oil industry condi- 
tions. Recommended for packing flanges or joints against super- 
heated or saturated steam, air, ammonia, gases, oil, gasoline, 
water, some acids, alkaline solutions and other chemicals. Ideal 
for Still Head gaskets. It will not soften, burn, blow or ooze out of 
a joint, and does not deteriorate with age in stock. 

STYLE 899 (F.O.P.) 











Mechanical Goods Division 
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REFINING FUNDAMENTALS 





FIG. 5. Front view of 13.8-kv 














corrective steps depends on system characteristics, types of 
load, and relative magnitude of power shortage. Often an 
operator can act fast enough to prevent shutdown. It must 
be recognized, however, that it takes time for an operator or 
dispatcher to obtain and analyze system information under 
these emergency conditions, and decisions made under such 
conditions may well be in error. 

One of the most satisfactory solutions to an emergency 
shortage of power is the use of underfrequency relays to 
drop nonessential load. This can be done by as many under- 
frequency relays as required, these relays being set at pro- 
per frequency intervals. The operation of each relay will 
drop one or more feeders, and load will continue to be 
dropped until the system frequency is stabilized. Thus, no 
excessive amount of load will be dropped, and the system 
will still be carrying the more essential or critical loads. 

When refinery system generators operate in parallel with 
a utility system, it is sometimes necessary to determine the 
desirability of tripping the interconnecting tie for power 
shortage conditions. For example, if a power shortage de- 
velops in the refinery, it is highly desirable to maintain the 
interconnection to provide service to as much load as pos- 
sible. On the other hand, disturbances on the utility should 
not be allowed to drag down the refinery system frequency. 
Therefore, to get the desired tripping of the interconnecting 
breakers, an underfrequency relay in conjunction with a re- 
versed power relay can be used. Thus, an underfrequency 
condition will cause opening of the interconnection if power 
is flowing from the refinery to the utility and will not cause 
tripping if the power flow is into the refinery system. 

Use of underfrequency relays for load shedding should be 
considered if it seems likely that a serious power shortage 
might occur. Their judicious use may prevent an unneces- 
sary system outage. 


Backup Protection 

The above discussions have dealt primarily with the first 
line of protection, Many things, however, can prevent this 
first-line protection from functioning properly. Instrument 
transformers, protective or auxiliary relays, circuit breakers, 
tripping supply for circuit breakers, or other equipment may 
fail to function correctly. Such failures may be caused by 
equipment trouble or human error. Regardless of the cause 
of failure, it is highly desirable to have adequate backup 
relaying that will ultimately clear a fault. Operation of 
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backup relays may cause disruption of service to units not 
directly involved in the fault but may prevent excessive 
equipment damage or prevent a complete shutdown of the 
system. Every system must be studied separately, but more 
careful consideration should be given to backup protection 
of most systems so that a fault will not remain on the sys- 
tem indefinitely, even when the first line of protection faiis 
to operate. 


Maintenance, Records, and Personne! 

Regardless of the equipment supplied for the protection 
of a refinery electrical system, it should be emphasized that 
this equipment must be properly installed, adjusted, and 
maintained in order to perform satisfactorily over a period 
of years. As mentioned above, the entire system must be 
considered before relays can be properly set. These settings 
must be reviewed and checked from time to time as the 
system expands. 

Maintenance schedules should be set up and followed 
on all important protective equipment. The time between 
maintenance periods should be determined from experience 
and will depend on the type of equipment, duty on the 
equipment, importance of the circuit, and atmospheric con- 
ditions. Relays, circuit breakers, and trip sources should be 
given particular attention. 

In order for the maintenance program to be effective, 
adequate records should be kept. “As found” and “as left” 
notations should be made and any changes recorded. Any 
cases of troubles or irregularities should be noted, and if 
they persist, necessary steps should be taken for correc- 
tion. Unless these records are kept, schedules cannot be 
properly followed and recurrent troubles may exist for 
years without detection. 

Needless to say, such a program cannot exist without 
adequate personnel. A competent electrician may be able 
to mechanically adjust and maintain protective relays. But 
he cannot be expected to calculate relay settings, under- 
stand completely the performance of a relay that depends 
on symmetrical components for its operation, make system 
calculations, or perform other engineering functions. Since 
these are primarily engineering problems, it requires a cap- 
able engineer to perform them satisfactorily. It would seem 
inconsistent to invest relatively large amounts of money 
for protective equipment and not have adequate personnel 
to install and maintain it properly. 
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This extract CP fractionator was originally made from carbon 
steel, but after only two months, the corrosion ate halfway 
through the plates and put the unit out of service. 

So they lined the tower with Type 316 Stainless Steel wher- 
ever liquid came into contact with the metal. The lining has been 
in service for 21 months, and is in very good condition. Caps and 
trays are also made from Stainless. 

No other metal can match Stainless Steel in its combination 
of desirable properties: corrosion resistance, high temperature 
strength, cleanability, surface density and ease of fabrication 

Specify USS Stainless Steel, and you'll be sure of service-tested 
quality, in the widest range of sizes, shapes, grades and finishes. 


UNITED STATES STEEL CORPORATION, PITTSBURGH - AMERICAN STEEL & WIRE DIVISION, CLEVELAND 
COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO - NATIONAL TUBE DIVISION, PITTSBURGH 
TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA 
UNITED STATES STEEL SUPPLY DIVISION, WAREHOUSE DISTRIBUTORS 


UNITED STATES STEEL EXPORT COMPANY. KEW YORE 


USS STAINLESS STEEL 


Continental Oil Refinery No. 3, Lake Charles, Louisiana 
SHEETS - STRIP + PLATES PIPE - TUBES - WIRE 


BARS + BILLETS SPECIAL SECTIONS 








SEE The United Stotes Stee! Hour. It's a full-hour TV pro 
gecsenteg every other week by United States Stee! 
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your local newspaper for time and station 
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ANALYTICAL METHODS 





New system gives better determination of 


this special property than any used earlier 


Explosive Characteristics 
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AVIATION GASOLINE 


Introduction 


E LECTRO-mechanical and electronic 
equipment can cause an explosion 
when operating in an explosive atmos- 
phere. To circumvent this possibility, 
the military services require, in the de- 
sign stage of such equipment, that the 
equipment be subjected to an explosion 
test, test procedures for which are con- 
tained in Specification MIL-E-5272. 

The present explosion test proce- 
dures of this specification do not per- 
mit reliable and repeatable results be- 
cause of the vague treatment of the 
many environmental conditions that in- 
fluence the explosiveness of a gasoline- 
air mixture. 

Having realized these shortcomings, 
the Environmental Criteria Branch of 
the Directorate of Development, 
Wright Air Development Center, 
awarded Contract AF33(616)-2691 to 
Inland Testing Laboratories, the pv-- 
pose of which was to study these en- 
vironmental conditions that have an 
affect on the explosiveness of a gaso- 
line-air mixture. With the results of this 
study, Wright Air Development Center 
plans to revise the present specifica- 
tions or issue new specifications that 
will assure reliable and repeatable re- 
sults in explosion testing. 

To the manufacturer and user of 
electro-mechanical and electronic 
equipment, the results of this study will 
lead to a more adequate explosion test- 
ing procedure and the incorporation of 
greater knowledge into a better 
explosion-proof design. 
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Inland Testing Laboratories, Chicago, I/linois 


FIG. 1. 


Description of Parameters, Test 
Procedures, and Facility 

The parameters selected for study 
were: (1) Fuel-to-air ratio, (2) rela- 
tive humidity, (3) air velocity, (4) al- 
titude, and (5) ambient temperature. 
It was felt that by varying these param- 
eters, both singularly and in combi- 
nation with each other, the optimum 
explosive atmosphere could be de- 
termined using the ignition tempera- 
ture of the mixture as a criterion. Thus, 
the combination of parameters that 
yields the lowest ignition temperature 
would result in the optimum explosive 
atmosphere. 
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Photograph of the Test Chamber. 


An explosion chamber (see Fig. 1), 
designed and built by Inland Testing 
Laboratories, consisted of a semi-cir- 
cular duct having a total volume of 
9.47 cu ft, in which provisions were 
made to control accurately all of the 
above-mentioned parameters. A speci- 
ally designed, closed, cylindrical heater 
was used as a source of ignition. Igniter 
surface temperatures were recorded 
on a potentiometer by means of a 
chromel-alumel thermo-couple that 
was heli-arc welded to this cylindrical 
heater surface. The fuel used in this 
study was aviation gasoline, grade 
100/130. 
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These parameters and their affect on 
ignition temperatures will be discussed 
separately for the sake of clarity. 


Fuel-to-Air Ratio 

Fuel to air was varied only between 
1 per cent and 4 per cent since we were 
not interested in determining the ex- 
plosive range, but rather to determine 
the effect of varying fuel-to-air com- 
position on the ignition temperature. 

It was found that as the fuel-to-air 
ratio is varied towards its upper and 
lower limits, ignition temperatures 
increased. Thus, if a curve is plotted 
for ignition temperature vs fuel-to-air 
ratio, a U-shaped curve results, in 
which a fuel-air ratio of 24% per cent 
falls at the lowest point (see Fig. 2). 

This, of course, shows that a fuel-to- 
air ratio of 2% per cent yields the low- 
est ignition temperature throughout 
the explosive range. 

Ignition temperatures probably tend 
to increase when approaching the ex- 
plosive limit because it is necessary to 
impart a greater amount of energy to 
the rich or lean mixture to initiate an 
explosion. 


Humidity 

Humidity was varied between 15 per 
cent and 90 per cent while holding a 
fuel-to-air ratio of 2.5 per cent. Igni- 
tion temperatures were found to be di- 
rectly proportional to relative humid- 
ity; e.g., as the humidity was increased 
in the explosion chamber, ignition tem- 
peratures also increased. 

For example, a relative humidity of 
15 per cent yielded an ignition tem- 
perature of 1500 F while a humidity of 
80 per cent yielded an ignition tem- 
perature of 1546 F. The curve result- 
ing from the data of varying humidity 
is a straight line relationship having a 
gradual slope 
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Air Velocity 

For the greater number of param- 
eters, air velocity was varied between 
zero to 700 fpm; except in the case of 
an ambient temperature of 200 F in 
which the degree of variation was be- 
tween zero and 1000 fpm. 

Air velocity has a rather peculiar 
affect on ignition temperatures. With 
no air flow, ignition temperatures were 
scattered and nonrepeatable. For a pre- 
determined fuel-to-air ratio, the tem- 
perature of ignition in still air is porb- 
ably dependent upon the quantity of 
combustible adjacent to the igniter — 

g., the greater amount of vapor ad- 
jacent to the igniter, the smaller 
amount of energy required to cause 
combustion — consequently, a lower 
ignition temperature. Conversely, if a 
small amount of vapor is surrounding 
the igni**r, the higher the ignition tem- 
perature. Since gasoline vapor is heav- 
ier than air, it will tend to settle at the 


bottom of any confining vessel for a 
short period of time before reaching 
equilibrium with the air. Depending 
upon the size and shape of the vessel, 
the location of the source of ignition 
may be the deciding factor in ascertain- 
ing whether an explosion will take 
place. 

In general, ignition temperatures in- 
crease as air velocity is increased (see 
Fig. 3). Beginning with an air velocity 
of 150 fpm, ignition temperatures in- 
crease and then begin to level off at 
500 fpm. From 500 fpm to 700 fpm, 
they decrease slightly, thus forming a 
hump in the curve of ignition tempera- 
ture vs air velocity. With an ambient 
temperature of 200 F, air velocity was 
increased from 700 fpm to 1000 fpm. 
In this range, the ignition temperatures 
increased sharply, and it would be safe 
to assume that a similar behavior would 
occur at other ambient temperatures. 


Altitude 

Ignition temperature is directly pro- 
portional to altitude. That is, as alti- 
tude increases, the minimum ignition 
temperature increases. Under certain 
set conditions, the ignition tempera- 
ture at ground level is 1465 F, and at 
40,000. ft the ignition temperature is 
1660 F, which is almost a 200 degree 
difference (see Fig. 4). 

Altitude seems to affect explosion 
pressure also. At ground level, the ex- 
plosions are of a long-drawn-out na- 
ture. This is probably because the ex- 
plosive mixture ignites gradually as 
the gases pass the igniter. At altitudes 
of 10,000 and 20,000 ft, there is a very 
sharp detonation in which the entire 
volume explodes. This results in much 
higher explosive pressures. This deto- 
nation occurs because the relief valves 
of the chamber are held down by at- 
mospheric pressure; consequently, as 


a 
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ADDITIVES 


Du Pont Antioxidant 
No. 22 


GULF COAST 


% Saving § $ Saving 


MID-CONTINENT 
% Saving 


WEST COAST 
$ Saving | % Saving 





Du Pont Fuel Oil 
Additive No. 2 











Shown above are nine typical situa- 
tions—three locations, three addi- 
tives. They illustrate how substantia! 
sums can be saved when you order 
Du Pont additives in 4,000-gallon 





tank-car lots. The saving is over the 
costs of the same quantities in less 
than carload lots, in drums. The 
total savings shown reflect lower 
product cost and lower freight rates. 


Four- figure Aavings are yours 


each time you order a Du Pont additive 


If you have been buying your addi- 
tives in drums—either in carload or 
less than carload quantities—it will 
pay you to investigate the savings in 
delivered cost that are possible by 
ordering in tank-car lots. 


For example... 
The above chart shows how refiners 
in three areas can save from $1,680 
to $2,400 simply by ordering a Du 
Pont additive by the 4,000-gallon 
tank car instead of equal quantities 
in partial car shipments in drums. 
These figures are, of course, based on 


Sales Offices: 


CHICAGO 3—8 So. Michigan Ave 
HOUSTON 2—705 Bank of Commerce Bidg. 
LOS ANGELES 17—612 Se. Flower St 
NEW YORK 20—1270 Ave. of the Americas 
PHILADELPHIA 2—3 Penn Center Piazo 


by the tank car 


the freight rates for only three loca- 
tions; savings will vary somewhat 
for other receiving points. However, 
the saving will be decidedly worth- 
while anywhere ... for any one or 
more of the products listed. 


How much can you save? 
To answer that question for you, one 
of our nearby representatives will 
be glad to call at your refinery, study 
your freight rates and inventory pat- 


terns. He will then determine the 
most convenient handling method 
for you and figure the exact saving 
you can make. Phone, write,or wire 
us... today. 


GY POND 


*66. v. 5. pat ort 
Better Things for Better Living 
. » through Chemistry 


Petroleum Chemicals 


RAndolph 6-8630 
CApitol 5-1151 
MAdison 5-169! 

COlumbus 5-2342 

LOcust 8-3531 


E. I. DU PONT DE NEMOURS & COMPANY (INC.) © Petroleum Chemicals Division © Wilmington 98, Delaware 


PITTSBURGH 19—Room 510, Alcoa Bidg ATiant 
SAN FRANCISCO 4—Room 626, 111 Sutter St 
SEATTLE 3—Room 215, 4003 Avrora Ave 
TULSA 1—?. O. Box 730 


EXbrook 2-623 
MElrose 6977 
LUther 5-5578 


IN CANADA: Dw Pont Company of Canada Limited—Petroleum Chemicols—-85 Eglinton Avenve Eoast—Toronto 12, Ontorio-—HUdson 1-646! 
OTHER COUNTRIES: Petroleum Chemicals Division—Export Sales—Room 7496 Nemours Bidg.—Wilmington 98, Del.—Olympico 4-5121, Ext. 2 
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ignition begins to take place at the 
igniter, there is not enough force gen- 
erated to lift the relief valves, which 
results in the flame propagating 
through the entire volume before pres- 
sure is relieved. 

At altitudes above 20,000 ft, the ex- 
plosions become weaker as higher al- 
titudes are attained. This is due to the 
low density of the air at these altitudes. 

In the discussion of altitude and its 
effect on explosive atmospheres, it ap- 
pears from our results that hot sur- 
faces are not an adequate source of 
ignition for high-altitude tests. Since 
the density of the air decreases as it 
does at high altitude, hot surfaces do 
not impart sufficient energy to the sur- 
rounding vapor to cause ignition. This 
is borne out by the fact that at an am- 
bient temperature of 100 F at 40,000 
ft, we were able to obtain reliable data. 
This could not be repeated at 50,000 
ft. Then with an ambient temperature 
of 200 F and 40,000 ft altitude, we 
were not able to obtain any explosions 
whatsoever. The apparent explanation 
for this is that at higher temperatures 
the air is less dense than at lower tem- 
peratures; consequently, the explosions 
were obtained at 100 degrees ambient 
and not at 200 degrees ambient. 


Ambient Temperature 
Testing was carried on at ambient 
temperatures of 50, 100, 200, and 250 


F. From the results that were obtained, 
it was determined that the minimum 
temperature for ignition behaves in- 
versely to the ambient temperature; 
e.g., as the ambient temperature in- 
creases, the minimum ignition tempera- 
ture decreases. The following table 
of ignition temperatures illustrates this 


point: 


Ignition 
Temperature 
1500 F 
1447 F 
1434 F 


Ambient 
Temperature 


100 F 
200 F 
250 F 


The above results were obtained 
under similar environmental condi- 
tions — fuel-to-air ratio, air velocity, 
altitude, and humidity. Thus, it is not 
justifiable to set up a proportion for 
ignition temperature and ambient tem- 
perature since all of the above en- 
vironmental conditions have some 
effect on the resulting ignition tempera- 
ture of a fuel-to-air mixture. 

ignition temperatures are lower at 
high-ambient temperatures for two 
reasons: 


1. There exists a more rapid and 
thorough evaporation of the avi- 
ation gasolines, resulting in a 
more ideal molecular distribu- 
tion of fuel and air. 
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2. The high-ambient temperature 
preheats the fuel to air mixture. 


With low-ambient temperatures, 
there is a slightly different occurrence. 
First, the molecular motion is slowed 
down, and consequently, the mixing of 
the fuel and air is not as thorough as 
high-ambient temperatures. Secondly, 
at low-ambient temperatures, the vapor 
pressure of the fuel is lower and thus 
the heavier components tend to con- 
dense out of the mixture. With this 
condensation, the fuel-to-air ratio be- 
comes leaner, and consequently, the 
temperature required for ignition 
increases. 


Conclusions 

By the way of review, the influenc- 
ing parameters and their results are as 
follows: 

Fuel-to-Air Ratio — Ignition tem- 
peratures increase and explosive 
pressures decrease as the fuel-to-air 
ratio is varied towards the upper 
and lower limits. 

Humidity—lIgnition temperatures 
generally increase slightly, and ex- 
plosive pressures decrease as relative 
humidity is increased. 

Air Velocity — Ignition temper- 
atures increase with increasing ve- 
locity. 

Altitude — Ignition temperatures 
increase with increasing altitude, 
and explosive pressures drop off 
rapidly with altitudes above 20,000 
ft. 

Ambient Temperature — Ignition 
temperatures decrease with increas- 
ing ambient temperatures. Explo- 
sive pressures decrease rapidly with 
low-ambient temperatures. 








It has been shown that the ignition 
temperature and explosive characteris- 
tics of aviation gasoline, grade 
100/130, are dependent on many en- 
vironmental factors, which substanti- 
ates the fact that the present specifica- 
tion governing explosion testing is in- 
adequate. A more stringent testing 
specification could be devised from the 
optimum explosive atmosphere, as de- 
termined from this project, which was 
found to exist under the following 
conditions: 


Fuel-to-Air Ratio 242 per cent 
Humidity 13 per cent 
Air Velocity 150 fpm 
Altitude Ground level 
Ambient Temperature 250 F 


Some of these conditions, such as 
ambient temperature and humidity, are 
not conducive to practical testing of 
electrical and electronic components. 
Very high-ambient temperatures and 
low humidities are difficult to obtain 
and hard to maintain; thus, a slightly 
more flexible testing procedure is the 
following: 


Fuel-to-Air Ratio 2% per cent 
Humidity 30 per cent or lower 
Air Velocity 150 fpm 
Altitude Ground level or 

10,000 ft 


Ambient Temperature 100 F 


These test conditions provide a 
slight deviation from the optimum ex- 
plosive condition, but still represent a 
rigid test for determining the explo- 
sion-proofness of electrical compon- 
ents. Furthermore, the easing of re- 
quirements of ambient temperature 
and humidity allows for minimum in- 
strumentation and construction costs. 

*x** 
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Answers by recent graduates and also experienced en- 
gineers run four out of five wrong on the question: “Where 
would a mechanic apply heat to straighten a bent shaft?” 
Stresses in piping. vessels or structures caused by tempera- 
ture gradient have been less thoroughly covered in the 
interpretive or application fields than in the mathematical 
and applied mechanics fields. 

Three different systems of stresses may be set up, with 
regard to the effects of yield in the case of high stress and 
short time, or creep in the case of long exposure to lower 
stress at high temperatures. These are illustrated by 
simple mechanical cases. 


A. Yield of a simple beam caused by a load producing 
stress above the elastic limit results in no change in 
moment. 


B. Too much cold spring of a bent pipe between fixed 
supports causes stress above the elastic limit and conse- 
quent yield. Hence, the natural length of the pipe is in- 
creased and the moment and stress decreased from that of 
a completely elastic system. 


C. Yield in an upward-sloping cantilever beam stressed 
above the elastic limit allows the load to deflect outwardly 
and increases the moment arm of the constant load. Hence, 
moment and stress increase, accelerating yield with 
probable failure. 

These systems should be remembered when consider- 
ing differential temperature stress, since in many cases the 
satisfactory working of a structure at economic cost may be 
dependent upon Case B, above. Many cases of differential 
temperature stress are of this nature. 

It is important also to consider transient stresses caused 
by temperature lags during start-up or shut-down of a sys- 
tem; they may be higher than those of the steady state and 
cause failure. Piping failures generally occur during 
starting or shutting down a plant. 


Flat Bar and Pipe Deformation by Differential 
Temperature 

If a free straight flat bar of low-carbon steel is heated to 
maintain one surface at 900 and the other at 1000 F it 
will bow as shown in Fig. la. Temperature gradient will be 
uniform from face to face, so the mid-point will be at 950 
F and temperatures elsewhere in proportion. For simplic- 
ity, consider that the temperature is brought up slowly 
and uniformly, to prevent permanent deformation, Further, 
disregard variations from the linear temperature distribu- 
tion assumed, represented by loss of heat from sides or ends. 

The coefficient of expansion at this temperature level is 
approximately 0.000010 in./in./F, so the difference in 
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—»> Due to 
Temperature Gradient 


natural length of the two surfaces of the bar is 0.0010 in./in. 
The free bar then bows until this differential length is the 
difference between the arc length of the inner and outer 
faces, from a center with radii of R and R +t, Fig. 1b. 
With a free bar, there is little or no stress due to this bow- 
ing, as each differential layer maintains its natural length 
at the temperature imposed. If restraint is placed on the 
bar to maintain the two faces flat, Fig. lc, the hot face now 
is compressed by half the differential expansion, or 0.0005 
in./in., and the cooler face is extended by the same amount. 
The elastic stress in the outer fibers of the bar may be cal- 
culated as 12,500 psi on the basis of elastic strain, and the 
stress pattern across the thickness is shown as the solid 
line in Fig. 2. 

At a temperature of 1000 F, the elastic limit of carbon 
steel is approximately 9000 psi, so yield occurs. On the 
cooler face at 900 F, the elastic limit is approximately 
12,500 psi, and the steel behaves elastically for short time 
loading. Because of yield on the hot face, elongation will 
be greater and stress less than if the steel were elastic. This 
is shown by the dashed line in Fig. 2. 

Furthermore, creep stresses for low-carbon steel’ for 
0.10 per cent in 1000 hr are 2700 psi and 15,000 psi at 
1000 F and 900 F, respectively. Creep occurs on both sides 
of the neutral axis as long as the stress remains above the 
creep values. This still further decreases the maximum 
stresses and makes them distinctly nonlinear across the 
thickness, as shown by the short dashed line, Fig. 2. 

The creep is shown by the departure of the stress curve 
across the thickness of the bar from the prolongation of 
the straight portion of the curve, indicating the elastically 
stressed portion of the thickness. 


|_1000 * F 











MOO 


_ SINS oy 


FIG. 1. Three types of bending due to temperature stresses 
in a free, straight flat bar. 
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+++ Residual Stress After Cooling 
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eee Residual Stress After Cooling 
Free 








FIG. 2. Stress due to differential temperature. 


Consider what happens when the bar is cooled to atmos- 
pheric temperature after, say, 4000 hr under these tempera- 
ture conditions. The top filter has shortened due to both 
yield and creep, the bottom fiber has lengthened due to 
creep, and in this process the stresses near the two surfaces 
have diminished. At atmospheric temperature, the top 
fiber now wants to be shorter than the shape of the bar will 
permit by the amount of yield and creep that has oc- 
curred; likewise, the bottom section wants to be longer. A 
reversal of stress occurs, the top being under tension and 
the bottom under compression. The dotted line in Fig. 2 
shows the residual-stress pattern when the bar is main- 
tained under restraint during and after cooling. 

If the restraint holding the bar flat be removed after 
cooling, there will be a bow in the opposite direction, ow- 
ing to the fact that the hot face has been upset and the 
cooler face permanently stretched. The stress pattern then 
is shown by the circled curve in Fig. 2. Part of the perma- 
nent deformation is taken up by bow and the rest by resi- 
dual stress, which is much smaller than under the restrained 
conditions. 

Because of the greater strength of the cold metal, in 
most cases the residual stress will be well below the cold 
yield point. When the material is reheated, the residual 
stress decreases to zero and then increases up to the 
working conditions again. 

This is an illustration of the complications that are in- 
volved in trying to arrive at actual values of stress under 
simple conditions of differential temperature. 

When the thick-walled tube in Fig. 3 is subjected to tem- 
perature differential due to flow of heat from inside to out- 
side, it is impossible for the metal to move and relieve the 
stresses set up by the temperature gradient, as happens 
with the free bar because of the inherently stiff shape of a 
cylinder. A longitudinal strip cut out of the pipe would bow 
as did the bar discussed earlier. Hoop stresses prevent this 
in pipe. A circular element slit at one point would open up 
because of the increase in natural length of the inner fiber 
compared to the outer one, but this cannot occur in the pipe, 


25 €=. 


ae 


—. 1000°F 


ies 


FIG. 3. Expansion of flat plate and thick pipe due to tem- 
perature gradient. 
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either. All the pipe can do is “take” the stresses set up, with 
no opportunity for relief except through yield and creep. 

That the stresses set up in such a case can be material 
is illustrated by a 14%-in. thick flanged carbon-molydenum 
spool piece installed on a wartime catalytic cracking unit 
in the regenerated catalyst standpipe. This spool was cut 
through the middle and welded to a neat fit. Since it was so 
short that bolt heads interfered, no insulation was provided. 

After some months of operation, it had bulged above and 
below the weld line. Seeking reasons, the obvious ones of 
high temperatures, internal pressure, and end load due to 
an expansion joint seemed to be possible causes. It was ex- 
pected that more uniform operation with no runaway tem- 
peratures would prevent any further deformation. But de- 
formation continued, and “The Pregnant Spool Piece” had 
to be replaced. 

Investigation disclosed that the stress due to internal 
pressure and end load each were less than 200 psi. How- 
ever, Timoshenko* gave a formula for differential tempera- 
ture stress at inner and outer fibers that revealed stress to 
be 17,800 psi, well above the elastic limit under these con- 
ditions. Insulating the pipe on either inside or outside eli- 
minates the temperature differential and the bulging. 


Tubes with Internal Pressure and External Heat 

Luster® developed the optimum thickness for a tube 
under internal pressure and subject to external heat input. 
The temperature gradient through the tube wall tends to 
increase the length of the outer fibers with respect to those 
of the inside wall. So the tube expands to an approxima- 
tion of the circumference for the average wall temperature, 
with compression in the outer and tension in the inner 
fibers. At the same time, the internal pressure puts tension 
completely across the thickness of the tube. Combining 
these two stresses as shown in Fig. 4 shows a high tension 
at the inner face and a comparatively low stress at the 
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FIG. 4. Stresses in tube subject to internal pressure and high 
heat transfer. 


outer face. For the optimum thickness of tube, stress at the 
outer face would be zero. 

Application of Luster’s formulas to a number of existing 
thermal-cracking units with carbon-steel tubes gave cal- 
culated stresses so much above the yield point that failure 
might well have been expected. Still, these heaters had in 
many cases operated satisfactorily for years. The high cal- 
culated stresses do not occur in practice because the metal 
yields and creeps on the inside while the tube is hot. This 
gives a reversed stress of compression on the inside and 
tension on the outside wall of the tube when it is cold. 

To check this theory, a 334-in. OD by 5/16-in. wall tube 
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was slit on the roof side. The saw kerf was 0.053-in. and, 
after cutting through the wall, the slit was opened to 0.081- 
in. Heat rates are not available, but there seems to be little 
question that the inside of the tube was in compression and 
the outside in tension due to relief of the high-tension stress 
at the inner wall of the tube because of yield and creep 
under operating conditions. 

The adjustment which occurs in a heater tube wall from 
yield or creep apparently reduces the stress in the steel 
from that calculated for elastic conditions to a value ap- 
proximating that due only to internal pressure. In accord- 
ingly appears entirely safe, based upon years of experi- 
ence, to design tube-wall thickness for an allowable creep 
stress caused by internal pressure only. Perhaps this should 
be limited to relatively thin wall tubes. 


Bowing of Bar Due to Localized Heating 

A good example of the effects of localized heating, illu- 
strated in Fig. 5, occurred during consideration of a pro- 
posed method of lining a pressure vessel with a 7/64-in. 
layer of 12-chrome alloy. This consisted of welding steel 
vessel courses 10 ft long, fitting sheets of liner as closely to 
the inside wall as possible and then, with the vessel course 
mounted on dollies, rotating it slowly while a continuous- 
feed, automatic welding head burned through the liner into 
the vessel wall. 

To determine the feasibility of this method a section 
6 in. wide by 30 in. long was prepared containing about 12 
welds spaced evenly along the 30-in. length. It was ob- 
served that this strip of steel was bowed to the extent that 
the two ends rose 5/16-in., raising the question of high resi- 
dual stresses resulting from the welding operation. It was 
calculated that if the steel bar was forced flat, stresses of 
approximately 30,000 psi would result. Since this was as- 
sumed to be similar to the case where the vessel course was 
unable to move to relieve itself, these stresses would be 
locked in the steel unless the vessel was stress-relieved. 
This conclusion warrants re-examination, since many ves- 
sels have been successfully protected against internal cor- 
rosion in the field by hand welding strips of 12-chrome steel 
at 21 to 4-in. intervals without stress-relieving. 

If the liner were applied to a sheet of steel constrained to 
remain flat, the yield and creep that would occur as each 
weld cooled would result in a different natural length on 
the lined side. Although the sheet would try to bow toward 
the welds, the amount of permanent deformation during 
the plastic condition would be greater and the calculated 
average residual stresses due to welding would have been 
considerably reduced. The fact that the welding had been 
applied to the sheet in a free position allowed it to adjust 
itself on cooling with a minimum of yield, giving a greater 
bow and indicating higher stresses than actually occur in 
the restrained vessel wall. 


Junction of Noncompatible Metals 

An allied problem, dealing with differential expansion 
between noncompatible metals, is the case of a 5-chrome 
pipe that has been welded with 25-20 chrome-nickel rod 
and subjected to an operating temperature of 1000 F. The 
expansion of the 5-chrome between 70 and 1000 F is ap- 
proximately 0.0067 in. per inch, while that of the 25-20 weld 
deposit is approximately 0.0083 in. per inch. Assuming the 
improbable, that the two dissimilar metals were stress-re- 
lieved to have essentially zero stress at 535 F, the elonga- 
tion and compression of each metal would amount to one- 
fourth the difference between the two expansion rates given 
previously, or 0.0004 in. per inch. The stress on an elastic 
basis would be 9480 psi. 

The creep stress of 5-chrome steel at 1000 F is approxi- 
mately 7000 psi for 1 per cent creep in 100,000 hr. Accord- 
ingly, some creep may be expected. This joining of dis- 
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A general view of the Solutizer/Copper Chloride treating 
plant at Aden. This plant is for the ‘‘sweetening'’ of motor 
fuel and kerosine by conversion of deleterious sulfur com- 
pounds to those relatively harmless ones. 


similar metals has grown over the last years as a field-weld- 
ing procedure for piping, without the requirement of stress- 
relieving. Microscopic cracking in or adjacent to the weld 
has been encountered, but the practice has been expanded 
and the power industry is also using it, as indicated by 
papers presented by I.ien, Eberle and Wylie,‘ and by Weis- 
burg and Soldan.® Cycling tests resulted in surface notches 
and subsurface cracks in the fusion zone. Removal of the 
cracks which showed up and continued operation under 
test conditions indicated that the welds would be safe for 
operation in spite of the apparent high stress level caused 
by the differential expansion. While the procedure works 
very satisfactorily for thin pipe, it should be considered 
questionable for thickness over 1-in. 


Supports for Hot Vessels 

Consider the case of a coke chamber and its supports. 
These vessels range up to 17 ft in diameter by 80 ft long. 
Operating conditions may require a complete cycle every 
24 hr. During this period, the vessel is initially brought up 
to 850 F by vapor and liquid from the coking heater. Dur- 
ing the cooling cycle, when water is admitted to the bottom 
of the vessel to cool the coke, high pressure may exist as 
the water is turned to steam; the top of the vessel may be 
at 700 F while the bottom is near 100 F. When the water 
contacts the vessel wall, it immediately cools the inside 
surface, producing a large transient temperature differen- 
tial across the wall thickness. As the wall cools, attempts 
to contract to a much greater extent than does the coke, re- 
sulting in development of internal pressures approximating 
the crushing strength of the coke. 

Is it any wonder, then, that a 10-ft diam ves.el may swell 
as much as 6 in. in diameter, or more, in a few years op 
eration? Swelling occurs mainly between circumferential 
welds since the weld metal, apparently having a cast struc- 
ture, is not as subject to creep or yield as the rolled plate. 

Applying a 2-in. gunited lining inside the shel! or leaving 
a 2 or 3-in. thick “skin” of coke inside the vessel greatly 
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FIG. 5, Lined plate with welds on 2'4-in. centers. 


suppresses the swelling. Presumably, the layer cushions the 
wall from the thermal shock of water-cooling. Thin-walled 
vessels show less tendency to swell than thick-walled ves- 
sels because of the lower temperature gradient across the 
wall. 

Another point of high stress concentration may be set up 
at the support of a hot vessel with lugs welded to the ves- 
sel wall that rest on a concrete or steel beam as shown in 
Fig. 6a. The weight of the vessel produces a moment that 
is resisted by tension at the lower and compression at the 
upper attachment of the lug of the vessel wall. To minimize 
these moment stresses, the lugs usually are made relatively 
high, and the offset from the vessel is made as short as 
possible. 

These support stresses are in addition to the design basis 
of internal pressure, and compression and tension rings are 
often added at the top and bottom of the lug. When these 
rings are welded flat to the shell and insulated, there is not 
a great temperature difference, but sometimes a designer 
will endeavor to gain an advantage in section modulus and 
strength by installing the reinforcing rings edgewise. Then 
differential temperature problems are again liable to 
appear. 

An additional load frequently overlooked is the consider- 
able force required to start the lugs moving as the vessel 
is heated, even though they are placed on sliding support 
bearings. During vessel expansion, a push results at the 
bottom of the lug attachment and a pull at the top; this re- 
verses during cooling. The compression at the top of the 
lug attachment caused by dead load plus wind load, there- 
fore, is increased by the moment of the friction force 
between lug and support plate. 

The combination of high and variable loads thrown into 
the side of the vessel shell led to consideration of skirt sup- 
ports for high-temperature vessels. Early difficulties with 
cracking at the weld between vessel head and skirt of some 
coke chambers appeared due to a short, thick skirt, further 
stiffened by the lugs provided for anchor-bolts. Conse- 


FIG. 6 Hot vessels supports. A—lug supports. B—tempera- 
ture transition skirt support. 


C-48 


quently, the temperature transition skirt was evolved. As 
shown in Fig. 6b, the skirt support is welded to the head 
of the vessel and is insulated over most of its length. The 
skirt normally is made of ¥ or 42-in. plate and may be 
from 3 to 5 ft long, depending upon vessel weight, tempera- 
ture and diameter. 

Where the skirt is attached to the vessel, both are at the 
same temperature and have the same natural diameter. At 
the support, the support plate and lower part of the skirt 
lose heat to the atmosphere. Since this heat must travel the 
long narrow path through the skirt, there is a considerable 
temperature drop. Thus the bottom of the skirt is close to 
the temperature of the support and no expansion need be 
provided. At intermediate points, the skirt diameter varies 
with the temperature. There is practically no stress with 
the exception of the zone near the vessel-head weld where 
internal pressure in the vessel causes expansion and hoop 
stress is transmitted to the skirt. 

Theoretically, the top of the skirt, being fixed at the 
head, must remain parallel to the vessel wall and then 
change in direction as indicated by the temperature gradi- 
ent. Wolosowick® developed a formula for this stress due 
to bending. He gives an example for a skirt 130-in. diam, 
by 44-in. wall and a vessel temperature of 700 F. The cal- 
culated flexural stress is 9350 psi. Skirt length is not given, 
but solving back his equations the temperature gradient is 
found to be 3.5 per inch, corresponding to a 15-ft skirt. 
Since the formula indicates stress proportional to the tem- 
perature gradient, the calculated stress for a gradient of 25 
F per inch would be 67,000 psi, above the ultimate strength 
of the steel. 

Several hundred vessels ranging up to reactors of cataly- 
tic-cracking units 27 ft in diameter have been supported by 
this means with no trouble where a temperature transition 
skirt was provided, with allowable gradients of the order of 
15 to 25 F per inch. It, therefore, appears that practice 
should outweigh calculations indicating stresses far above 
the yield point because these calculations are based on elas- 
tic properties and lose track of the natural adjustments 
caused by temperature, yield, and creep. 

The time now has come to revert to the question pro- 
pounded at the start of this paper: “On which side does a 
mechanic heat a bent shaft in order to straighten it?” 

Bowing of the free plate caused by welding as indicated 
in Fig. 5 makes it obvious that the heat would be applied 
to the outside of the bend in the shaft. Localized heating 
expands this side against the resistance of the cold side, 
setting up stresses above the elastic limit with a small per- 
manent shortening of the longest fibers. If sufficient heating 
has been applied, the natural length of the two sides is the 
same when the shaft is cooled, and the shaft becomes 
straight. Heating on the inside of the bow will similarly re- 
sult in upsetting the metal, but when the shaft cools there 
will be more bow. 
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Get Accurate Viscosity 


Readings \W M/NUJEG/ 


NEW! 7°" VISCOMETER 


The Type I! Viscometer has been developed to 
provide, in a matter of minutes, accurate, direct 
readings of kinematic viscosity of fuels, light oils, 
end non-corrosive liquids. The Type I! uses a 
proven method based on advanced flow design. 
No other laboratory instruments are required. 
Time-consuming equipment set-ups ore avoided. 
No special operating skill is needed 


Readability of the Type II is within 1% of indi- 
cated viscosity at any point on the scale. Its range 
of .5 to 5.0 centistokes includes all liquids used in 
testing aircraft fuel system components—moking it 
ideal for use in the laboratory or field, or on new 
or existing test equipment! 


al tod 





Comes completely i d as p 
or portable. Widest possible range. Outstanding 
readability Extremely simple to operate — no 
special skill needed. 


Write for FREE Bulletin 


Commercial Research 
Laboratories, Inc. 
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REFINERY 
SUPPLY 
COMPANY 








CENTRAL 
laid didie 
COMPANY 


THE REFINING ENGINEER, July, 1956 


oe eo ee ee or 





IN-BUILT 
SIMPLICITY... 


GUARANTEES 


LONG, TROUBLE-FREE 
SERVICE 


Here's the simplest and most efficient 

pump valve made for reciprocating 

pumps. The ROYAL CROWN PUMP VALVE 

VALVE has only three separate parts, yet 

its performance is revolutionary! Valve 

is guided by a frictionless ball stem which eisin it to oscillate and 
turn with the fluid stream. Swings completely free with each stroke of 
the pump... seating each time in a new position. Resistance to flvid 
is reduced to a mini which means greater pump volume at less 
. handles all 





pump speed. Adaptable to all reciprocating pumps. . 
types of liquids. 


Royal Crown PUMP VALVES 


(A) Round valve surface is streamlined. No obstructions to restrict the 
flow. (8) Ball-guided valve rotates and swings with each stroke of the 
pump. Each turn, each swing...a lapping action, a continuing perfect 
seat. (C) Free vertical action assures instant opening and closing. Ball 
stem is a frictionless guide. 

WRITE FOR 


Manren WorKs ss! 
CONSTRUCTION EQUIPMENT DIVISION 


Baldwin-Lima-Hamilton Corporation 
14120 EAST ROSECRANS AVE., P. O. BOX 38, LA MIRADA, CALIFORNIA 





R.S. PORTABLE DEAD WEIGHT TESTER 


for accurate testing of high pres- 
sure up to 5,900 psi 


The only truly portable dead 
weight tester of this capacity 


An extremely compact instru- 
ment for pressure gage test- 
ing and calibration to pres- 
sures of 5,000 psi. Standard 
Accessories include an adaptor 
so the tester may also be used 
as a dead weight gage. Can 
be furnished in ranges of 


5-1000 psi or 50-5000 psi. 
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UNION OIL COMPANY 


Ree 1-4 <tr. 


FIG. |}. Pilot model shale oil retort 
on which the larger retort is designed. 


FIG. 2. Large (300 tons per day) re- 
tort near Grand Valley, Colorado, ‘‘on 
location."’ 
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300 Ton-per-Day Demonstration Plant Starts 
This Summer; A Great Shale Oil Industry Must 
Have 300,000 Acre-Feet of Water Annually 


John R. Pownall 


Union Oil Company of California 


Two lines of research are being car- 
ried out by this company on shale oil. 
The first is experimental work at its 
Brea, California, research laborato- 
ries, studying methods for making re- 
fined products competitive with petro- 
leum products, and for other products 
that may be made from shale oil. The 
other phase is the construction and op- 
eration of its own designed retort for 
the extraction of oil from raw shale, 
and the mining of this shale nearby. 
This retorting plant will handle some 
300 tons of shale per day, the yield of 
oil being, of course, governed by the 


*This article is a staff condensation of a 
paper given by John R. Pownall, project engi- 
neer for Union Oil Company, before the Col- 
orado Mining Association, Denver, Colorado, 


February 2, 1956. 


oil content of the shale. This plant will 
be partly commercial, reproducing the 
conditions to be found in a large com- 
mercial plant, and partly research, to 
try out various methods, conditions and 
operations. The unit will be 11 miles 
north of Grand Valley, Colorado. 
Shale will be mined from the Ma- 
hogany Ledge on a 1000-ft face by 
quarry methods, and early in 1956 
the contractor was at work removing 
the overburden to expose the shale 
stratum. Shale will be blasted from the 
quarry face, crushed in a primary 42 
in. gyratory crusher to sizes of 6-in 
and smaller, and dumped via aerial 
tramway on a stockpile. Then it will be 
crushed in a secondary, 12-in. gyratory 
crusher, divided into streams accord- 
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ing to particle size, and then on to the 
retort, automatic samples being taken 
just before reaching the retort. Thus 
particle size can be varied at will, to 
determine the effect of size on retort 
efficiency. 


‘Rock Pump’”’ Feeds Retort 

The retort will be some 40-ft high, 
weigh 150 tons and will receive its 
shale charge at bottom, forced in by a 
54-ft diameter piston. Shale continues 
upward, meets hot gases that convert 
the kerogen in the shale to shale oil, 
which condenses on the cool incoming 
shale below; spent shale is taken from 
the top of the retort and carried away 
via conveyor. It is expected that in 
commercial practice nests of these re- 
torts with capacities of 1000 daily tons 
or more will be employed, with com- 
mon oil and gas collecting equipment, 
(a battery so to speak). The plant will 
include also an oil and gas recovery 
system, storage tanks, a control house, 
and spent shale conveyor. Two pre- 
fabricated buildings serve as offices, 
laboratory, shops, and storage.* 

As of February, 1956, the company 
had built an all-weather road from the 
valley floor to the mine face, which 
area had been selected and the con- 
tractor had started removal of the over- 
burden. Retort site was cleared, the 
two buildings were up, and foundations 
were building. The retort was under 
construction by Stearns-Roger Manu- 
facturing Company, of Denver, main 
contractor for design and construction. 
Most auxiliary equipment for the plant 
has been selected and ordered. 

Union Oil controls some 40,000 
acres (62% sq mi) of “commercial- 
grade” shale deposits. Eighteen dia- 
mond-drilled core holes were drilled 
along an outcropping exposed by an 
old road from the floor of the valley to 
the Mahogany Ledge, and the best area 
was selected for the mining operation. 
Mining will be done on contract by 
Isbell Construction Company. Though 
using the quarry method, later on 
underground mining may be carried 
out to get additional data on costs and 
methods. An extensive study of the 
best location for the retort decided the 
company finally to place it in the val- 
ley, some 2000-ft from the mine. At 
the same time, it is believed by Union 
engineers that in designing a commer- 
cial plant, the cost of moving huge 
amounts of shale and disposing of 
spet shale to the retort would force 
them to build the retorts near the mine 
site. 

The aerial tramway was decided on, 
instead of using trucks to haul shale, 
partly for economics and partly for 
safety; continuing the hauling even in 
the adverse weather in western Colo- 
rado was one main consideration. 
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Shale Industry Requires Water 

In any long-range plans or thinking 
for a large oil-shale industry, prime 
consideration must be given to water 
supply. Three years ago, eight oil com- 
panies made a report that said a 2,000,- 
000-bbl-per-day shale oil industry 
would use 300,000 acre-ft of water an- 
nually; 70 per cent of this would be 
used for refining and 30 per cent for 
municipal needs, that is, for the per- 
sonnel needed to operate that indus- 
try and their families. Two retorts are 
available—the one Union has devel- 
oped and the Bureau of Mines retort, 
neither of which require any water. 


REFINING IN BRIEF 


Published statements regarding the 
amounts of water used by the Bureau 
of Mines are seriously in error. The 
bureau did not use up 300,000 acre-ft 
of water as stated in a late 1955 news- 
paper story; much less than | per c*.it 
of this amount was consumed 

A studied conclusion regarding the 
prospects for Colorado's developing a 
great shale oil industry is that no mat- 
ter how efficient a retort may be de 
signed, these shale deposits will not be 
developed without obtaining huge 
quantities of water for processing 

The company expects to have its 
mine in operation this summer 





The extensive magnesium silicate deposits laid down about the 
time dinosaurs roamed Florida’s marshy peninsula became the 
source of today’s most wisely used adsorbent. 

Because it contains numerous small fibrous tentacles, Florida 
Fullers Earth, in its commercial form known as Florex, is particu- 
larly valuable in the adsorptive refining, decolorization, clarifica- 
tion and neutralization of mineral, vegetable, and animal oils, fats 
and waxes. Florex is unequalled in high quality or low cost for 
processes involving the use of highly active clay for sweetening light 
distillates, dehydration, desulfurization, and polymerization. 

Standard meshes from 2/4 to 200/up and our experienced adsurp- 
tion specialists are available to help you solve complex laboratory 


or production problems. 


FLORIDIN COMPANY a” 


TALLAHASSEE, FLORIDA 
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Heavy sludge and 
scale removed from 


thoroughly... 
in 3-days less time 





At this Texas Gulf Coast refinery, the vacuum topping 
tower in the light oil department once again needed 
cleaning. Heavy sludge had accumulated on the bubble 
cap trays. Excessive deposits of sulphides and oxides 
had formed. 


The refinery didn’t want to resort to its former clean- 
ing practice of disassembling and removing the trays 
and caps for sandblasting. It took too long — it took 
too much effort — and it kept the tower out of service 
for a costly 4 days. 


The Oakite man was called in. A comprehensive clean- 
ing procedure was set up — consisting of circulation 
with recommended Oakite solutions, water washing, 
steaming and agitation. The entire Oakite procedure 
took less than a day and a half. But when it was 
completed, the tower was thoroughly clean — including 
bubble caps, teeth of caps, trays and walls. Minimum 
effort was required — and three days’ time was saved 
over the former method, representing a saving of 
thousands of dollars. 


Put your cleaning problems up to us. Chances are we 
can help expedite your tower maintenance cleaning 
jobs. Oakite Products, Inc., 48 Rector Street, New 
York 6, N. Y. 


OAKITE 


Technical Service Representatives in Principal Cities of U. $. and Caneda 
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Octane Numbers 
Nearly 97 and 90 


In a broad nationwide advance, gasoline on sale at service 
stations in May increased to national weighted averages of 
96.7 octane number for premium and of 89.7 octane number 
for regular, according to Ethyl Corporation. 

Both grades gained 0.4 octane number over April. Com- 
pared with a year ago, premium gasoline was 1.4 octane num- 
bers higher and regular gasoline was 1.7 octane numbers 
higher. 

Average tetraethyl lead contents in May were 2.56 m1 per 
gallon of premium gasoline and 2.30 ml per gallon of regu- 
lar gasoline. 

Forty-four of the 53 cities covered by Ethyl’s survey re- 
ported increases over April in the average octane number of 
their premium gasoline, with 20 cities showing a monthly 
gain of 0.5 octane number or more. Seven cities reported de- 
creases while two cities were unchanged. In regular gasoline, 
36 cities reported increases in their average antiknock quality, 
16 of them by 0.5 octane number or more. Thirteen cities re- 
ported decreases while four cities were unchanged. 

The accompanying table shows average Research octane 
numbers of premium and regular gasoline in May for each of 
the 53 marketing centers. 


Average Research Octane Numbers 


Premium Regular 
May May 
1956 1956 

86.2 

87.5 

89.3 

85.5 

91.6 


$ 
a 


Albuquerque, New Mexico 
Amarillo, Texas 

Atlanta, Georgia 
Bakersfield, California 
Baltimore, Maryland 


Ama 


86.6 
89.2 
91.8 
91.9 
85.9 


Billings, Montana 
Birmingham, Alabama 
Boston, Massachusetts 
Buffalo, New York 
Casper, Wyoming 


AdiaDnv 


89.7 
88.9 
89.4 
91.0 
91.1 
89.6 
89.0 


Central Michigan 
Charlotte, North Carolina 
Chicago, Illinois 
Cincinnati, Ohio 
Cleveland, Ohio 


Corpus Christi, Texas 

Dallas-Fort Worth, Texas 
nver, Colorado 

Detroit, Michigan 

El Paso, Texas 


Fargo, North Dakota 
Hartford, Connecticut 
Houston, Texas 
Indianapolis, Indiana 
Jackson, Mississippi 


i 


NOK be CURSOR 


Jacksonville, Florida 

Kansas City, Missouri 

Little Rock, Arkansas 

Los Angeles, California 

Louisville, Kentucky 

ws phi T 

Metropolitan New York-New Jersey 
Milwaukee, Wisconsin 
Minneapolis-St. Paul, Minnesota 
New Orleans, Louisiana 





Northwest Pennsylvania 
Oklahoma City, Oklahoma 
Omaha, Nebraska 
Philadelphia, Pennsylvania 
Phoenix, Arizona 


BROK CS BROW BWONY 


Pittsburgh, Pennsylvania 
Portland, Oregon 
Richmond, Virginia 

Salt Lake City, Utah 
San Antonio, Texas 


gzeRs 


San Francisco, California 
Seattle, Washington 
Shreveport, Louisiana 
Spokane, Washington 

St. Louis, Missouri 
Toledo, Ohio 

Tulsa, Oklahoma 
Wichita. ansas 
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ANA BANOU 


~ 
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os 
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Easy-to-shape blocks are applied and 
covered with cement to fit specifications 


Two-Step Insulation 





Reduces Maintenance Down-Time 


Robert L. Ellis 


Baldwin-Hill Company 


PERIODIC shutdown for mainten 
ance and repair is necessary to main 
tain the efficiency of petroleum pro 
cessing equipment. Although it pays 
off in the long run, this down time is 
costly and must be held to a minimum 
by the proper choice of methods and 
materials employed in the operation 

An important phase of these main- 
tenance operations is the replacement 
of thermal insulation on lines and ves- 
sels. The previous insulation having 
been removed to give access for inspec- 
tion, cleaning or repair, it must be 
swiftly and economically replaced if 
shutdown costs are to be held to a 
minimum. 

Since maintenance is a continuing 
process at the Bayway Refinery of the 
Esso Standard Oil Company, Linden, 
New Jersey, maintenance operations 
have been standardized as much as 
possible. Two permanent insulation 
crews, which work continuously in 
conjunction with other maintenance 
personnel, have standardized materials 
and procedures for maximum effici 
ency. 

Maintenance “turnaround” time on 
Catalytic Cracker No. 1, a large pro- 
ducer of high-octane fuel at Bayway, 
is especially important. During the sev 
eral weeks that the catalytic cracker 
may be down for routine maintenance, 
the insulation crews work around the 
clock to insure swift completion of the 
job. 


Catalytic cracking unit at Baytown 
refinery, down for maintenance (turn- 
around). 
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saw simplifies and speeds up repairs and replacement. 


Selection of insulating materials con- 
tributes greatly to the speed and effici- 
ency with which the many vessels and 
lines of the cracker are re-insulated. 
Mono-Block is used on high-tempera- 
ture lines having diameters of 14-in. or 
greater and on high-temperature ves- 
sels. These felted, mineral wool blocks 
made of long, spun mineral fibers are 
easy to cut, handle, and shape and 
easily withstand the hot surface tem- 
peratures (from 300 F to 1200 F) en- 


SIGHT FLOW INDICATORS 
“See What Goes On Inside” 


BRONZE, IRON, STEEL, 
STAINLESS STEEL 
FIG. 29 
Cylinder with 
Impeller 
FIG. 17-28 
Cylinder 


For insertion into pipe 
FOR EVERY APPLICATION 


FIG. 215 
Flonged 


FIG. 212 
Visibility 
Welding 
Neck or 


FIG, E-57 
Double 
Window 


Screw é 


FIG. E-1810 
Rotating Wheel Type 


FIG. E-811 
Flapper 
All sizes up to 6” Send for Catalog 


ERNST WATER COLUMN & GAGE CO. 
LIVINGSTON, N. J. 
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countered ~~ the cracking plant. After 
the block has been applied, it is cov- 
ered with cement. Use of this combi- 
nation of materials eliminates several 
steps common to the application of 
more conventional insulations. The ce- 
ment (such as Super Powerhouse) 
which both insulates and finishes, can 
be applied in one coat rather than two, 
and because the bond between it and 
the mineral wool block is stronger than 
the block itself, no reinforcing wire- 
mesh is required over the block. 

Thicknesses of mineral wool block 
vary from | to 4 in. and depend on the 
surface temperature of the vessel or line 
being insulated. All surfaces requiring 
block more than 3 in. thick are in- 
sulated in two layers. Minimum widths 
and maximum lengths of block are 
used wherever possible. Since most of 
the surfaces insulated are cylindrical, 
the minimum width (6-in.) block con- 
forms best to the shape of the surface. 
Use of maximum length blocks (36- 
in.) provides maximum coverage with 
a minimum number of individual 
blocks. 

Fig. 1 through 3 shows the re-insula- 
tion of the reactor on Catalytic 
Cracker No. 1. Insulation has been re- 
moved from the surface to provide ac- 
cess for maintenance crews. In Fig. 1, 
the applicator is cutting a block to fit. 
In Fig. 2, he is placing two layers of 
blocks against the wall of the vessel. 
The block is secured by horizontal tie 
wires that stretch between rods prev- 
iously welded several inches from the 
surface of the reactor. These rods, par- 
allel to the axis of the vessel, are spaced 
at regular intervals around the circum- 
ference. By thus fastening the insula- 
tion in independent sections, the danger 
of damage to the insulation due to ther- 
mal expansion of the vessel is elimi- 
nated. 

Insulating-finishing cement is being 


1. Cutting blocks into dimensions with ordinary FIG. 2. Blocks are cut and fitted as the situation de- 
mands; here a large column is being reinsulated. 


FIG. 3. After setting cut blocks 
in place, plastic cement is applied 
for a complete surface, with ordinary 
trowel. 


applied in Fig. 3. Note that no wire- 
mesh base is used in this construction. 
However, it can be seen that the prev- 
ious insulation required the application 
of wire-mesh reinforcement involving 
an extra application step. 

Mineral wool block is applied to 
pipes and lines lengthwise along the 
axis of the pipe and secured by circum- 
ferential girdles of 12-gage wire. In- 
sulating-finishing cement is then ap- 
plied over the block. 

In order to fit mineral wool block to 
the smaller diameter lines (down to 
14-in.) a miter cut is made lengthwise 
through the block. The beveled edges 
of two pieces of block are then placed 
together to form a miter joint, so that 
the block surface forms an oblique 
angle — or a rough arc. With a little 
experience, this angle can be made to 
correspond quite closely to the sur- 
face of the pipe. xk 
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Typical ElectroniK control system for regulating pressures on an 
electrically-driven pumping unit. Operator can take over on 
manual control when desired, by turning a knob on a bypass panel. 


discharge 
pressure 
controller 
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suction 
pressure 
controller 


moanual-automatic 
bypass panel 


supply air supply air 
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HONEYWELL 
control valve 
series 800 





centrifugal pump 


Balance station pressures 
with fast, dependable 
ZlectroniK control 


design details as totally enclosed balancing motor 
non-clogging single air control restriction . . . sealed, 
liquid-filled control unit. Main components of the 
instrument are designed for years of service can 
be replaced in seconds if necessary. 


For precise, dependable control of pumping pres- 
sures, put ElectroniK instruments to work in your 
pumping stations. This modern instrumentation 
gives the extra performance that spells high through- 
put .. . trouble-free operation. 

PRECISION . . . PLUS SENSITIVITY. Instruments are 


calibrated within limits of plus or minus 0.2 per 
cent of full scale span. 


Pressure measurement is all-electronic, instantaneous. 
Strain gage pressure cells, in the upstream and down 
stream piping, are the sensing elements. In a typical 
system, as diagrammed above, two ElectroniK in- 


struments with Air-O-Line pneumatic proportional- For a discussion of how ElectroniK control can be 


plus-reset control actuate the Honeywell pipeline 
control valve. Either instrument takes over control 
as needed, to position the valve for desired suction 
and discharge pressures. 


TROUBLE-FREE. No worries about dirt, dust and 
dampness. Maintenance saving features include such 


applied in your pumping stations, call your local 
Honeywell sales engineer . . . he’s as near as your 
phone. 


MINNEAPOLIS-HONEYWELL REGULATOR Co., Indus 
trial Division, Wayne and Windrim Avenues, Phila 
delphia 44, Pa.—in Canada, Toronto 17, Ontario. 


MIinnNnN€&BagrProtis 


H| Honeywell 
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Why do | 
the hard 
way 


when 
UNIBOLT 


Scraper Traps be, 


(with oversize barrel) 


make pigging 
so easy ! 


Unibolt Scraper Trap Closures are the most 
convenient, most practical means for blank- 
ing off a line so that pigs may be easily 
inserted and removed from the trap. The 
scraper barrel being slightly larger than the 
pipe itself, the pig is easily inserted or 
removed. It is no longer necessary to “fight” 


the pig in and out of the trap. Release two 


THORNHILL 


P.O. BOX 1184 


bolts and the blanking plug swings open on 
a sturdy hinge. Swing the trap shut, tighten 
the bolts, and that’s all. Let the pumps do the 
hard work. No heavy blind flanges to lift on 
or off. No multiple bolts to release and make 
up. Nothing to fall on the workmen. No 
leaky threads. An oil-resistant gasket seals 


automatically . . . seldom needs replacing. 


CRAVER CO. 


HOUSTON, TEXAS 
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Roundup of Current Planned and Proposed Construction 


PIPE LINE DEVELOPMENTS 





The following tables list the company, mileage, pipe size, and location of proposed pipe line projects — crude, prod- 
ucts, and natural gas — reported to The Petroleum Engineer. Company addresses are given where furnished or known 


CRUDE LINES 


Miles 
790 
33 

46 

30 

364 


Name of Company 
Ar-W2x Pipe Line Company, Dallas, Texas 

Gulf Oil Corporation 

Kaybee Pipe Line Company, Muskegon, Michigan 

National Co-Operative Refinery Association, Kansas City, Missouri 
Offshore Gathering Company, Houston, Texas 


150 


Sinclair Pipe Line Company, Independence, Kansas 
12 


Secony Mobil Oil Company de Venezuela and 211 
Sinclair Oil and Refining Company 


Stanmount Pipe Line Company 140 


Tecumseh Pipe Line Company 

Trans-Border Pipe Line Company 

Trans-Prairie Pipe Lines, Ltd., Winnipeg, Manitobo 
Union Oil Company, Los Angeles, Californic 


PRODUCTS LINES 


Name of Company Miles 


Ar-Mex Pipe Line Company, Dollas, Texas 60 
70 
California-Oregon Pipe Line System, Crescent City, California 

Crescent Corporation, Tulsa, Oklahoma (LPG Line) 

El Paso Natural Gas Company, E! Poso, Texas (LPG Line) 


Malco Pipe Line, Inc., Roswell, New Mexico 


Phillips Pipe Line Company, Bortlesvilie, Okichomo 
Sioux Oil Company 
Texas Eastern Transmission Corporation, Shreveport, Lovisiano 


Winnipeg & Central Gas Company, Winnipeg, Manitoba (LPG Line) 


GAS LINES 


Name of Company Miles 


Alberta Gas Trunkline, Calgary, Alberto 315 
Andes Pipeline Corporation 500 


Carolina Natural Gas Corporation 
Cities Service Oil Company, Bortlesville, Okiahomo 


Coastal Transmission Corporation, Dallas, Texas 
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Size 
12-14 
8 

10 

8 

20 


20 
6 


20 


10 


Size 


onwroono 8 8 eae 


location 


Guernsey, Wyoming to Coolidge, Arizona 

Gathering lines from Citronelle, Alabama, field to Mobile 
Griffith, Indiana to New Buffalo, Michigan 

Lyons to McPherson, Kansas 

Offshore line in Gulf of Mexico from Sabine Pass to 
Mississippi River 

Mexio to Houston, Texas. Replacement of existing line 
North Madill field to Cumberland field terminal 
Oklahoma 

From Silvester field, 
Venezuela 

Beover Loke field, North Dakota to Cromer, Manitoba sto 
tion on Interprovincial Pipe Line 

New line between East Chicago, Indiana, to Cygnet, Ohio 
Skagway, Alaska to Whitehorse, Yukon, Territory 

Lines in Cromer and Virden areas, Manitoba 
Considering line from shale oil plont at Rifle, Colorado, 
to Los Angeles crea 

Junction station to San Francisco 


near Barinas, to Puverto Cabello 


Location 
Coolidge to Phoenix, Arizona 
Coolidge to Tuscon, Arizona 
Crescent City, California to Medford, Oregon 
Tioga, North Dakota to U. $.-Canadion Border 
Farmington to Gallup, New Mexico 
Prewitt to Albuquerque, New Mexico 
Artesia to Newman, New Mexico 
Sweeny to Pasadena, Texas, refinery near Houston 
Newcastle, Wyoming to Rapid City, Sovth Dakote 
Plans to convert the “Little Inch” line between Beaumont, 
Texas ond Moundsville, West Virginia. New gas facilities 
to replace this line have been completed but FPC order 
allowing removal from gas service has been remanded 
to FPC by a superior court order for farther service 
U. S.-Canodian border to Winnipeg (See also Crescent 
Corporation listing) 


Location 


Gas gathering system in Alberta fields to serve proposed 
Trans Canada Pipe Lines 

Villamontes, Bolivia, to Yuni, Bolivia, through the Andes 
Pass, to Antofagasta, Chile. 

Lines in North and Sovth Corolinas 

Gas gathering system on the Roberts Ranch, Midland 
County, Texas 

McAllen, Texas to Baton Rouge, Lovisione 

Gathering lines in Rio Grande Valley, Texas 





ST aa 
Get a 2300-tfoot 


bonus every mile 


with 
ARMCO STEEL PIPE 


Suppose you are laying a pipe line that 
calls for 16-inch diameter steel pipe with a 
minimum wall thickness of .172-inch. You 
will find that the nearest wall thickness 
available from most suppliers is .250-inch. 
That means that for each mile of pipe line 
you would have to buy over 34 tons of 


steel more than you need—or enough steel 
for an additional 2,300 feet of 16-inch pipe 
with a .172-inch wall thickness. 

But with Armco Pipe you don't have to 
buy unneeded steel. From the 132 combina- 
tions of diameters and wall thicknesses of 
Armco Pipe you can meet your requirements 
and save money in the bargain. 

You also save time and money by using 
long lengths of Armco Pipe (up to 50 feet). 
There are fewer joints to make, fewer sec- 
tions to handle. 

Use Armco Welded Steel Pipe for require- 
ments in the Natural Gasoline and Natural 
Gas Divisions and wherever you need de- 
pendable line pipe. Write to us for complete 
data. Armco Drainage & Metal Products, 
Inc., Welded Pipe Sales Division, 3406 Curtis 
Street, Middletown, Ohio. 201 KOME Build- 
ing, Tulsa, Oklahoma. Subsidiary of Armco 
Steel Corporation. Export: The Armco In- 
ternational Corporation. 


pRMCO 
\y 


ARMCO 
WELDED STEEL 


x 


i 

Kal 
: ~~ 
a 
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ant on pipeline service 


Developed for both oil and gas transmission, 
this new Crane gate valve has the long-wear 
features you want for steady, trouble-free 
service in your lines. 


This new Crane valve design has free-to- 
rotate double discs—hung independently to 
change seating position with every operation. 
Each time this valve is opened or closed, both 
discs are free to turn to provide cleaning 
action on seating contact areas, and thus pre- 
vent abrasive materials from collecting. 


Disc clearances are always accurate, be- 
cause the two identical discs move up and 
down in machined body-guide ribs — which 
take the service abuse usually forced on disc 
faces in conventional double-disc gate valves, 
a frequent cause of damage and costly 
maintenance. 


Consider and compare, too, the perfect disc 
alignment in this smooth-working Crane pipe- 
line valve. Annular-shaped machined wedg- 
ing surfaces keep both discs and the body 
ring seat faces lined up at all times—and, in 
addition, compensate for any slight body de- 
flections caused by line strains. 


G RAN E. VALVES & FITTINGS 


PIPE © KITCHENS © PLUMBING ¢ HEATING 
Since 1855—Crane Co., General Offices: Chicago 5, Ill.— Branches & Wholesalers Serving All Areas 
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GAS LINES (Continued) 








Name of Company 





Colorado Interstate Gas Company, Colorado Springs, Colorado 


Houston Texas Gas & Oil Company, Houston, Texas 


Iroquois Gas Corporation, Buffalo, New York 


Lone Ster Gas Company, Dollos, Texas 


Michigan-Wisconsin Pipe Line, Detroit, Michigan 
Michigan-Consolidated Gas Company, Detroit, Michigan 
Midwestern Gas Transmission Company, Houston, Texas 





Montana-Dakota Utilities Company, Mi polis, Mi 


Natural Gas Pipeline Company of America, Chicago, Illinois 


Nevada Natural Gas Company, los Vegas, Nevado 
New York State Natural Gas Corporation, Pittsburgh, Pennsylvania 


Nortnern Natural Gos Company, Omaha, Nebrosko 


Northern Piains Natural Gas Co. (Subsidiary Northern Natural Gas Co.) 
Northwest Utilities, Ltd. 
Offshore Gathering Company, Houston, Texas 


Pacific Gas & Electric, San Francisco, California 
Permian Basin Pipeline Company, Omaha, Nebrasko 
Pioneer Natural Gas Company, Amarillo, Texas 


Shenandoah Gas Company, Winchester, Virginio 

Southern Counties-Southern California Gas Companies. 
los Angeles, California 

Southern Natural Gas Company, Birmingham, Alabamo 


Tennessee Gas Transmission Company, Houston, Texos 


Texas Eastern Transmission Corporation, Shreveport, Lovisianc 


Trans Canada Pipe Lines, Ltd., Caigary, Alberto 
Trans-Carolina Pipeline Corporation, Raleigh, North Carolina 


Transcontinental Gas Pipe Line Corporation, Houston, Texas 


Union Gas Company of Canada, Chathom, Ontario 
United Natural Gas Company 
Virginia Natural Gas Company 


D-6 


15 
28 
168 


163 
307 


100 


1100 
42 
364 


150 


52 


100 
162 


422 
530 
180 


2247 


840 


277 


Size 


6-8 
30 


24 
24 
20 


10-12 
Vor. 


20-24 


26 


30 


34 
16 
3-22 


38 


Location 


‘ 


Julesburg area to Denver, Colorado 

Main line between Idalia, Colorado and Beatrice 
Nebraska. 

Lateral between Carr, Colorado and Idalia. 

Lateral between Kit Carson, Colorado and Idalia. 
Parallel existing line between Texas and Oklahoma Pan 
hondie gas fields and Kit Carson, Colorado. 

Gathering lines from Keyes field, Oklahoma and Green 
wood field, Kansas to new line. 

Baton Rouge, Louisiana to Miami, Florida, serving Florido 
area with various laterals 


Gathering and delivery lines in underground storage 
area in Chavtauvgue, Cattarougus and Erie Counties 
New York 

Cotton County, Oklahoma to Fritch, Texas 

Snyder, Texas to Cotton-Fritch line 

Loops on system in Missouri, lowa, lilinois, and Wisconsir 
Sparta to Muskegon, Michigan 

Main line from U. S.-Canadian Border near Emerson 
Manitobo-Noyes, Minnesota to Portlond, Tennessee 
laterals off main line to serve communities in Minnesota 
North Dakota, and Wisconsin 

Tioga-Beover Lodge field in North Dakota to main trans 
mission line 

Fritch, Texas to Wise County, Texas 
west Oklahoma 

Beatrice, Nebraska to Joliet, Iilinois. 
Loops in Nebraska, Kansas, Okichoma 
Gathering line from Quinduno field Roberts County 
Texas to a point on its existing system 


through South 


Loop of present system 


Extend existing line from Elk County, Pennsylvania to 
new gas field in Clearfield, Jefferson, and Indiano Coun 
ties, Pennsylvania. 

Loops on system in Nebrasko 

Ogden to Redfield storage area, lowa 

St. Pavl-Minneapolis to Duluth, Minnesota and Superior 
Wisconsin 

Main lines in South Dakoto 

Branch lines in South Dakota, Minnesoto, 
Wisconsin 

Savanna Creek field, Alberta to Alberta-Montana border 
near Cardston, Alberta. 

Alberta-Montana border to Minneapolis, Minn 

Bonnie Glen to Edmonton, Alberta 


Offshore gas line in Gulf of Mexico from Sabine Pass to 
Mississippi River 


lowa, ond 


Loops on Topock, Arizona to Milpitas, California system 
Gathering system for 15 West Texas gas fields 


New lines, loops, replacements and irrigation feeder 
lines in the Panhandle and South Plains of Texas 


Middleton, Virginia to Martinsburg, West Virginio 


30 Toprock, Arizona to Newhall, Californic. A 49-mile sec 


30 
30 
Var 


14.24 


2-18 


30-36 


tion of the line has been contracted, with remainder to 
be let in August 

Loops on system in Alabama, Georgia, Lovisiona, and 
Mississippi 

New gathering lines in Texas and Lovisiana 

Loops in Kentucky, Ohio, and Pennsyivanic 

McAllen to Vidor, Texas 

Loops on system from Texas to New Jersey 

Supply, lateral, and gathering lines 

Alberta area to Toronto, Montreal, and other eastern 
Canadian areas 

New line between Moore, South Carolina, and Monroe 
North Carolina, with laterals 

Levisiona, Alabama, Georgia, South Carolina, North 
Carolina, Mississippi, Virginia, Maryland and Penn 
syvania 

Down Storage Field to Hamilton, Ontario 

Elk County to Jefferson County, Pennsylvanic 
Buckingham to Richmond and Portsmouth, Virginia 
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Let our years 
of experience in the 
design and fabrication of 
these tanks help in your planning § 
of meter calibrating tank 


installations 


Built to API code 1101 

(tentative) and API-ASME 
codes. Corrosion resistant interior 
coatings available. Write for 


complete information. 





Ch imi ae 


Sit 
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DIVISION OF FRAM™M CORPORATION BOX 3096 e TULSA. OKLAHOMA 
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ALLIS-CHALMERS Pipeline Motors 
Restart Automatically 


: 
: 
‘ 


80 120 


Percent of Full-Load Torque 


This curve shows the speed with which an Allis- 
Chalmers pipeline motor reached full load-carry- 
ing capability. Plotted over it is average pump 
curve which shows that there is no point at which 
overload could cause the motor to shut off. Illus- 
strated is an Allis-Chalmers weather-protected 
pipeline motor, rated at 1250 hp, 3580 rpm, now 
operating in a pipeline station. 


ALLIS- 
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After Power Interruption 


Check the Speed-Torque Curve on the Allis-Chalmers 
Weather-Protected Pipeline Motor . . .“‘Water Hammer” 
Won't Keep this Motor from Starting Again in Remote- ALLIS-CHALMERS 


Station Operation - oe 
: i =e Coordineered 
HE power supply fails, and the pipeline pumping station is out of 


business. When power comes back on, ordinary motors just won't Pipeline Equipment 
start automatically. 

Allis-Chalmers pipeline motors are the answer to this operating for 
problem. The “water hammer” action in the pipeline won’t keep these 
special Allis-Chalmers motors from starting . . . even though an at- Better Operation, 


tendant is there or not. 

amas ‘These motors, for remote or attended pipeline duty, are built by Reduced Maintenance 
Allis-Chalmers for high efficiency operation and good speed-torque 
characteristic. They are designed to do the job, and they will start 
again immediately . . . automatically. Allis-Chalmers motors result 
in more dependable, economical pipeline operation with nothing more 
than periodic maintenance checks. 


Profitable remote pipeline 
operation is more than a 
matter of good equipment. 
It embraces over-all coor- 
dination of factors, includ- 
ing motors, with the right 
design characteristics; con- 
trol, such as switchgear, 
substation equipment; plus 
utility power conditions, 
and close cooperation with 
utility power salesmen. 
Allis-Chalmers, as a, 
manufacturer of a greatly 
diversified line of equip- 
ment, is in the unique 
position of being able to 
provide this practical ap- 
proach to pipeline power, 
motor and control problems 
—the coordineering of 
complete electrical systems. 
To get the most for your 
equipment dollar, call your 
A-C representative. His rec- 
ommendations are backed 
by Allis-Chalmers engineer- 
ing departments, by expe- 
rience in many pipeline in- 
stallations . . . by complete 
manufacturing facilities. 


For Complete Information, contact your local A-C 


representative, or write Allis-Chalmers, Power 
Equipment Division, Milwaukee 1, Wisconsin. 


This Allis-Chalmers engineered substation 

furnishes power and control for a remote- 

controlled midwestern pumping station. Trans- 

former is a 3750-kva, oil-filled type. Switch- 

gear furnished is Allis- Chalmers factory-as- 
My sembled 1200-amp, 4160 rated volt, outdoor 
—_e metal-clad type. 


CHALMERS 
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American Hammered 
Piston Rings... 





— ) 
pel) bee le 


a at 
———F gst y USL 
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Why not specify piston rings that have proved them- 
selves? Koppers rings have been saving money and 
cutting costs for years—throughout the oil and gas 
industry, the marine industry, on major railroads, 
all over the chemical field, throughout the aircraft 
business, in municipal and industrial power plants 
everywhere—wherever you find gas, Diesel or 
steam engines, pumps, compressors, forging ham- 
mers—wherever piston rings are needed! 

They're built to take it... designed to cut down- 
time and maintain high compression . . . give 
longer, more satisfactory service... save you money 
on fuel and lubricating oil... and that’s exactly what 
they do. And Koppers rings are available in all 
types, all sizes—from 1%" to 10’ diameter—spe- 
cifically designed for the job they will do in the 
field where they will be used. 

Always specify American Hammered Piston 
Rings. Benefit from over 100 years of experience in 
metal products. Use Koppers’ complete engineer- 
ing and metallurgical staff. Get skilled analysis of 
your specific problem, and prompt assistance. For 
16 page Piston Ring booklet write to: KOPPERS 
COMPANY, INC., Piston Ring & Seal Dept., 1707 
Hamburg Street, Baltimore 3, Maryland. 


COMPANT, INC. * BALTIMORE 3, MD. Th AMERICAN HAMMERED 


Koppers Division also supplies industry with Fast's 
Couplings, Indu tric! Gos Cleaning Apporatus, 


sora ee Gos here Industrial Piston Rings 


Products Sold with Service 
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HEAPER with 


 Eloetaie Power 


Efficient. Dependable 
Low Cost Power! 


Utility Electric Power gives 
you just that...PLUS MORE! 
Wherever oil is lifted, moved, 
or refined, Utility Electric 
Power will do a great job! Low 
initial cost...low main. —- 
tenance and operating costs 
... complete dependability 
around the clock...safety, 
convenience and automatic 
control to meet your power 
requirements. Yes, these 
advantages are yours when 
Economical Utility Electric 


Power is specified. 


Petroleum Electric Power Association- 


P. ©. BOX 2771, DALLAS, TEKAS 
ORGANIZED IN THE INTEREST OF GREATER SERVICE TO THE PETROLEUM INDUSTRY 





(CO 


XXX 
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i W/L ; Something from the Irishman _ 
; ee tae 


Maloney’s experience in compounding rubber for oilfield 

use requiring good compression set characteristics, plus 

PIPELINE CROSSING continual research, went irto the development of these 
neoprene and steel insulators, giving them long life under 

rugged use. These insulators have superior insulation 

INS ULA TORS AND qualities because of the low moisture absorption and the 
long life compounded into the neoprene. The wide steel, 

sled type, runners make installation easy. The extra wide 


CASING SEALS band affords a positive grip. 


Maloney casing seals can be installed in a few minutes 
after the crossing installation is complete. The pressure 
sealing zipper shuts out liquids and dirt. The seal is made 
of neoprene, banded with stainless steel bands and with 
polyethylene back-ups on the clips. 


PIPELINE CROSSING 
INSULATORS 


a, Pats . 
eps i 
Cy, aS Ree, 


F. H. MALONEY 
Company 


2301 TEXAS AVE. FAIRFAX 3-3161 


HOUSTON LOS ANGELES TULSA 
RUBBER - METAL - PLASTICS 





Sure you can “paint” the inside of your pipe line, but 
you don’t need a brush (or a scraper) with UNICOR®. 


UNICOR, UOP’s oil-soluble corrosion 
inhibitor, added at a concentration as 
low as 10 ppm., will in effect make a rust- 
preventive oil of your product. 


This makes UNICOR economical, pro- 
viding vital protection for your pipe line 
at an inhibitor cost of about $0.0005 per 
barrel. UNICOR will scour your pipe 
line and coat it with a film that repels 
moisture and sludge. 


Economies which result from reduced 
scraper and filter maintenance will more 
than pay for the inhibitor. This means 
that you actually get free protection for 
your pipe line. 


Our experienced technologists will be 
glad to assist you in the design, installa- 
tion and operation of a UNICOR system 
of protection. Write us for complete in- 
formation and samples. 


PRODUCTS DEPARTMENT 


UNIVERSAL 
OlL PRODUCTS 
COMPANY 


30 ALGONQUIN ROAD 
DES PLAINES, ILLINOIS, U S.A. 


uae 
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SERIES 3600—for water-flooding, solt water disposal, oil ae 
well acidizing, olf well fracturing, crude oil gethering systems. ee 
Pressure renge: Fig. 3671, 1575 to 800 PSI; Fig. 3670, 6250 to 1935 PSI. a 


GASO PUMP & BURNER MFG. CO. 902 East First Street, Tulsa, Oklahoma 


EXPORT OFFICE: 149 Broadway, New York, WN. Y. 


FIRST IN THEIR FIELD 


WL OMEN COMPANY, Shaper Lon A | AY O P UMP. AY 


Texas « T , Mississippi « Brookh Mississippi " ‘ : 
reat Puma, sek haeh Beash, Sattomte me for every oil industry need 
ERS, INC., Houston, Texas 
ENGINEERING CO., Wichita Falls, Texas 
FOUNDRY & MACHINE CO., Casper, Wyoming 
MACHINE CO., Ltd., Edmonton, Alberta 
GET GASO DEPENDABILITY IN WATER FLOODING, TOO 





A Symposium on 





Pipe Line 


Flow Efficiency Testing 


Why test for flow efficiencies in gas pipe lines? 
in the 10-year period since World War li, gas 
transmission systems have expanded at a tre- 
mendous rate. With more gas be\ng transported, 
costs of insta:lation and opeiation have risen, re- 
sulting in increcsed interest in the evaluation of 
line capacity. 

There are many reasons why these studies are 
valuable: to prevent serous deterioration of sys- 
tems operating near full load capacity; provide 
method of accurately predicting effect of incre- 
mental loads in operation of existing facilities; 
improvement of pipe line performance can yield 
savings in operating costs when compression 
costs are high; and provide design factors for siz- 
ing system additions based on performance char- 
acteristics of existing lines. 

To accurately evaluate pipe line performance, 
valid test data are neded, and to meet this need, 
various techniques have been developed. At the 
annual Gas Technology Short Course at Texas A&! 
College in Kingsville, Texas, sponsored by the 
Southern Gas A jation, this year's discussion 
centered around the pane! discussion on “Pipe 
Line Flow Efficiency Testirg."’ Through the cooper- 
ation of Dr. Frank Dotterweich, director of the 
short course, and his staff, THE PIPE LINE ENGI- 
NEER ded this jon for its readers, which 
is presented on this and following pages. 


Top industry 








White 


THE efficiency of a section of line is a well defined term, but 
the method of determining it is not so well defined. The ef- 
ficiency of a section of pipe line is the ratio of the measured 
flow of gas to the calculated or theoretical flow as predicted by 
one of the flow equations. Since there is more than one method 
of determining the actual flow and more than one equation to 
predict the theoretical rate of flow, there has not been too 
much consistency in the industry in determining the efficiency 
of different sections of pipe lines. 

The most accepted method of determining the actual rate 
is the orifice meter. The difficulty with this method is, of 
course, that you don’t usually have an orifice meter setting on 
each section of the pipe line where you want to measure the 
rate. As a result, we have to find some other means of measur- 
ing the actual rate. 

Our experience in determining the actual flow rate started 
with the portable pitot tube. This tube was jacked in and out 
of the high pressure line through a stuffing box. The results 
obtained using this method of measure were not consistent. 
The method was also laborious and costly 


Tracer Method Development 

Then, J. C. Wright, formerly assistant superintendent of 
pipe lines at Panhandle, came up with the idea of using the 
displacement method for determining the rate of flow. His 
idea developed into what we now know as the ammonia dis- 
placement method. 

The original idea did not use ammonia as a tracer. In the 
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men participating in the 

panel discussion are, left to right, 

Dick Bukacek, supervisor of natural gas transmis- 

sion research for the Institute of Gas Technology, Chicago; 

Earl Humble, assistant pipe line superintendent, Texas Eastern Transmis- 

sion Corporation, Shreveport; Jack White, assistant pipe line superintendent, 
Panhandle Eastern Pipe Line Company, Kansas City; Jim Phillips, pipe line 
engineer, Southern Natural Gas Company, Birmingham, and Sy Orlofsky, Gulf 
Interstate Gas Company, Houston, who served as panel moderator. 


| How Panhandle Tests Station-to-Station Sections 


first test to see if the tracer method would work, an odorant 
was used as a tracer. Men were placed at each of the gate set- 
tings, which are 8 to 10 miles apart, and each man was to 
bleed off a small amount of gas to the atmosphere and report 
in when he could smell the odorant. The probable travel time 
was calculated to each of the gate settings and then the odor- 
ant was injected into the gas stream. The men at the first and 
second gate settings did not detect the odorant in the calcu 
lated time. After a considerable period of time, the man at 
gate 5 reported that he had detected the odorant. The travel 
time to this gate setting was approximately as calculated. A 
few minutes later, the man at gate 2 reported that he had de- 
tected the odorant; then the man at gate 7 reported. Within 5 
or 10 minutes after the man at gate 5 had reported detecting 
the odorant, practically all of the men at the other gate set- 
tings had also reported. 

Fortunately, this was not the end of using tracers to de 
termine flow rates. After study and consultation, it was de- 
cided to try ammonia as a tracer and to detect it with a solu- 
tion of methyl red and alcohol. This method proved successful 
and with several refinements is the method that Panhandle has 
standardized on for determining the flow rates in connection 
with pipe line efficiency. 


Panhandle’s Method... 


Very simply, the method we use to determine the efficiency 
of a line between two compressor stations, which are usually 
spaced from 75 to 100 miles apart, is to stabilize the flow be 
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A, 6—Riser valves 
Cc, 0—1-in. valves 


E—Stuffing box 
F—1-in. valve 


A—Pressure tank 
B—',-in. coupling stop 
C—V-in. union 
D—Ammonia bottle 
Numbers refer to V4-in. valves 


Setup for Ammonia Injection with Pressure Tank 


Setup for Ammonia Injection with Use of 
Line Pressure 





























E—Ammonia bottle 
F—Copper rubing 


Numbers refer to Y4-in. valves 


Setup for Ammonia Detection at a Tap (left) 
and at a Blowoff Riser 





tween the two stations by having the upstream station main- 
tain a constant discharge pressure and the downstream station 
maintain a constant suction pressure for a sufficient length of 
time prior to and during the actual test. This is one of the most 
important points in obtaining satisfactory results and is a 
major source of error in flow test work. If you do not have line 
stability, the results will not be consistent. 


Ammonia Injection 

We generally pick two gate settings about mid-way be- 
tween the two compressor stations to inject and detect the am- 
monia. The gas temperature is usually near the ground tem- 
perature at these points. The gates are approximately 8 miles 
apart. The ammonia is inserted into the line at the upstream 
gate setting through a blow off or 1-in. tap. The leading edge 
of the slug of ammonia is then detected at a blow off or 1-in. 
tap at the downstream gate setting. A %4-in. pipe is inserted 
into the line through a !-in. stuffing box to insert the ammonia. 
The ammonia bottle is attached to the top of the %-in. pipe 
and a charging bottle is attached to the ammonia bottle to 
charge the ammonia into the line. The charging bottle is pres- 
sured to 200 to 300 psi greater than the line pressure. If you 
are testing a low pressure line, and there is a higher pressure 
line close by, gas out of the high pressure line can be used 
for charging. You can also fill a bottle with gas and pump a 
little water into it to pressure it up, or use a small nitrogen 
bottle to charge the ammonia into the line. There are various 
methods of charging it into the line. The thing is to get it into 
the line without any time delay. 


Detection 

A similar arrangement is used at the downstream setting to 
detect the ammonia with the exception of the ammonia and 
charging bottles. A tee is attached to the 4-in. pipe at the top 
and another length of pipe is screwed into the top of the tee 
to vent sufficient gas to the atmosphere so that there is no lag 
in getting the gas from the stream to the solution. 

We use | or 2 drops of a 1% phenolphthalein solution 
in 25 to 35 cc of distilled water as an indicator. This indica- 
tor, which is normally colorless, will change to pink when 
contacted with the basic ammonia. The contact is made by 
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bubbling the gas through the indicator. A needle valve is used 
in front of the bubbler to control the gas stream through the 
indicator. 

Stop watches are used to time the travel of the ammonia 
slug. The starting watch is either moved ahead to the detec- 
tion point or the time itself is communicated ahead. The ap- 
proximate travel time is calculated by estimating the fiow. 
This gives an indication of when to start checking for the 
arrival of the ammonia. The actual flow rate is then de‘er- 
mined very simply from the travel time and the pipe volume 
between the two points. It’s merely the displacement of that 
section of gas by another section of the same gas at the same 
time. 


Measurements Required 

The measurements required in determining the actual rate 
of flow are the terminal absolute pressure and temperatures, 
the time of travel and the super-compressibility. The length 
and the size of the line must also be known. There should be 
no sales between the points of detection and injection of the 
ammonia. Since the flow is stabilized between the two com- 
pressor stations, the rate will be the same in each section of 
the line. 

The necessary measurements must be made under the 
same conditions of flow to determine the theoretical rate. The 
measurements required are: 


Upstream and downstream pressures (absolute). 
Specific gravity. 
Supercompressibility. 
Temperature curve to determine mean flowing tem- 
perature. 

5. Equivalent length of the line. 

6. Change in elevation. 


Once these quantities are known, the theoretical rate of 
flow can be determined. 

It is, of course, a simple matter to calculate the efficiency 
once the theoretical and actual rates have been calculated. The 
most laborious part of flow testing is making the necessary 
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corrections. Corrections should be made for changes in eleva- 
tion and deadweight corrections. Temperatures should be 
taken at enough points along the line so.that a curve can be 
plotted to determine the mean flowing temperature. 

Our practice has been to use the Panhandle “A” equation 
to determine the theoretical flow. This equation did not give 
consistent results for different rates of flow on the same sec- 
tion of line. The equation was revised and the new equation 
is much more satisfactory.* Our results show that the effici- 
ency of a given section does not materially change with differ- 
ent rates of flow when using the new equation. 


Errors ...And Their Causes 

What kind of results can you expect with this method? If 
all necessary corre*tions are made and the flow is reasonably 
stable it is possible to get efficiencies that can be duplicated 
within a plus or minus 0.5 per cent. This per cent error may be 
a little low, but it is about what we try for. A more reasonable 
figure may be plus or minus | per cent. The new equation is 
not hard to handle in determining the theoretical flow. The 
only things that have been changed from the Panhandle “A” 
equation are the exponents. 

Some of the most common sources of error are: 

1. Pressure measurements. 

Incorrect time being communicated ahead. 

No corrections made for change in elevation. 
Unstabilized flow. 

No deadweight correction made. 

Incorrect length of line used in calculating ammonia 
run. 

It is not uncommon for someone to forget to add the 5 Ib 
for the weight of the table onto their deadweight reading or 
not add the weights correctly. 

Another method of eliminating that error is by running two 
slugs of ammonia. This does two things: it tends to eliminate 
error, and it tells you if your flow is stable. Run one slug and 
then 20 or 30 minutes later run a second slug to see if you get 
the same answer. If your flow is stable, you'll certainly get 
very close to the same answer. 


*The revised Panhandle Formula, known as the Panhandle “B” Formula 
or the modified Panhandle Formula, was first published in The Petrolewm 
Engineer, May and June, 1956 issues. The two-part article explains the 
development of the modified formula and provides detailed instructions on 
how to use it with accuracy and simplicity of calculations. 


Buckacek 


THERE are four basic problems in pipe line efficiency test 
work. They are: 
1. The use of proper techniques and equipment 
2. The determination of conditions under which valid 
efficiency test data can be obtained. 
3. The determination of the accuracy of the test results 
and 


4. The proper methods for calculating pipe line efficiency. 

The available practical techniques are not significantly dif- 
ferent from the techniques now. in use by Panhandle Eastern. 
We at the Institute of Gas Technology recommend what es- 
sentially is Panhandle’s current practice in the use of am- 
monia tracer as one method of determining flow rate. There is 
also a slight modification of that technique being used by 
Texas Gas that is also recommended. 

Orifice meters are recommended as the primary standard, 
but where an orifice meter is not available, the technique of 
ammonia injection is a good one. 


Validity of Data 

It is important to define the conditions under which you 
can obtain valid pipe line efficiency test data. This problem 
arises because any practical equipment that you buy cannot 
be absolutely accurate. There is also possibility of experimen- 
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An error of 1 minute is often made in communicating the 
time ahead to the detection point. Elevation corrections are 
quite necessary in most cases. Line stability is, of course, one 
of the most important points if results are to be consistent. 

All deadweights do not read the same and corrections 
should be made to a standard deadweight tester. Deadweights 
can differ as much as 1% Ib at full scale. It’s not too difficult 
to make this correction — you just have to make a calibration 
of each of your deadweights and compare it with some stand- 
ard. The relative readings are the important thing, not the in- 
dividual readings. You can be a ¥2-lb off, as long as all of the 
readings are 2 -lb off, and it won't make a great deal of differ- 
ence. Just so they are compared with one deadweight and it 
is used as a standard. 


How to Use Results 
It is essential that the proper length between the points of 
injection and detection of the ammonia be used in calculating 
the actual rate of flow. 
The important uses made of the efficiencies are 
Design of future facilities. 
Dispatching. 
Flow studies. 
Determining if lines need to be cleaned 


Efficiencies to be used for flow studies and dispatching 
should not contain elevation corrections. For these purposes, 
the dispatcher or engineer is interested in how much gas he 
can actually get through the line with the changes in eleva- 
tion and not in how much he could get through the line if they 
were not present. Consideration should also be given to pres- 
sure drop in yard piping if present. Elevation corrections are, 
of course, important if you are interested in determining if a 
line should be cleaned. 

It is our practice to determine the efficiency of the entire 
line between the two compressor stations and compare the re- 
sults with the previous tests. If a decrease is indicated, then 
we determine the efficiency of the individual sections to see 
if the low efficiency is due to the entire line or one or two sec- 
tions. With this method it is relative results that are impor- 
tant, so if you make the same errors each time, the relative re- 
sults will not be affected. We look at the trend of the efficiency 
from year to year and not so much as one individual test 


| Accuracy Limitations Affect Validity of Data 


tal error in each of the measurements made. Once you have 
decided upon equipment, you have substantially defined cer- 
tain regions in which you cannot expect to get very accurate 
data 

For example, the simplest possible case to consider would 
be measuring a 5-lb pressure drop in an 8-mile section pipe 
The deadweight gage is about as accurate as you can measure 
pressure, and an error of plus or minus 0.1-lb on either up- 
stream or downstream measurement is probable. This means 
that your pressure drop is actually good to only plus or minus 
0.3 or 0.4 lb. You cannot expect to get efficiency measure- 
ments within less than a few per cent in a condition like that 


Limits of Accuracy 

Another phase of the work has to do with determining the 
limits in which you can expect the accuracy of the given 
measurement to be. You can make pipe line efficiency meas- 
urement and you'll get a number, 88 per cent, let us say. It is 
significant to know whether this is 88 per cent plus or minus 
1 per cent or 88 per cent plus or minus 10 per cent, if you are 
going to try to evaluate the results that you obtain. If, for ex- 
ample, a “pigging” program depends on the result obtained, 
you should know something about the tolerance in the results 
that you obtain. This follows from the part just explained 
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It is possible, by some simplified assumptions and a statisti- 
cal analysis, to determine (once you know the equipment 
that you are using) what the probable uncertainty in your 
measurement is. 

On the question of alteration cnange (where a line's facili- 
ties have been altered)— it is likely that in the majority of 
these situations someone measures a pipe line efficiency and 
says, “gee, that’s low. Let's pig.” 

So, they pig, and they don’t find any dirt coming out. And, 
they go back and test again and still have low efficiency. The 
chances are very good that a neglected alteration change 
accounts for the results—similar to when you get an ob- 
servant high efficiency test. 

There is a considerable advantage to making station-to- 
station tests. The main reason is the question of pressure 
drop. It is possible in this manner to get accurate measure- 
ment and you substantially improve your chances of getting 
a good measurement. 


Flow Stability 
There is also the problem of determining the suitability 
of pipe line flow stability. Even in the laboratory you can 


Humble 


| “Texas Eastern Uses 


Texas Eastern’s methods differ slightly from those used 
by other companies. We obtain the actual volume. We are 
fortunate in having check meters on our system. These are 
on all our lines at strategic locations where these volumes 
can be obtained. 


Planning oa Test 

Here’s how we set up for an efficiency check: 

First, we contact the dispatchers and give them as much 
notice as possible, usually about two weeks, and set a date 
two weeks ahead for a test. This date is selected on their 
recommendation, usually Wednesday or Thursday in order 
to stay between weekends, which are active periods. 

The dispatchers then alert the stations involved. You have 
to work closely with the station people. We, in turn, contact 
the division office concerned and alert them on what line 
or section of line we are going to make tests and on what 
day. The division usually calls upon the same personnel that 
are used on each efficiency check — primarily made up of 
measurement department personnel who are more familiar 
with the equipment used than are other of our field personnel. 

The dispatcher, if he knows of any shutdown for construc- 
tion purposes coming up or similar problems such as a heavy 
load on the line or a very unstable situation with a particular 
day or week, or where he doesn’t think the line could be 
“smoothed down,” will reset the date. 

As we approach this date, within about four days of the 
time of the efficiency test, the dispatcher starts working on 
his line. He starts with his stations and smoothes out the line 
as best possible. We are in constant communication with him 
and if anything arises to disrupt the program or to postpone 
it, we try to find out as early as possible so we can call our 
men out of the field. 

On the last day, the dispatcher indicates that the pressure 
is steady at the compressor stations. We advise the field that 
the test is all ready with the exception of one last check, 
made at 8 a.m. on the day of the efficiency test. On that 
morning, if the night log on the station is “on the peg,” we 
continue with the planned program 


Making the Test 

They go to their locations and we usually have them take 
a reading at 11 a.m. pipe line time. This gives them time 
to go to the site and set up everything. They automatically 
take a reading at 10:30, another at 11:00, and another at 


D-18 


not find it. It’s difficult to assure yourself of absolute stability. 

In the field, what we should try for is not absolute stabil- 
ity, but a degree of pipe line stability that will enable us to 
get answers that are reasonably good. Of course, there are so 
many dispatching problems, and compressors and personnel 
involved in trying to get a line stabilization, that what you 
are looking for is a practical guide, so that when you take a 
look at the data you have on the spot, you can say, “Is this, 
or is this not sufficiently stable that I can come up with a 
good valid efficiency test?” 

There just isn’t any simple answer to that problem. It is 
sufficient to say that gas stabilized for 12 hours should be 
good enough at the end of 12 hours. There are too many 
contingencies. Pipe line systems operate differently and the 
dispatcher plays a big part in how stable the line will be 
after 12 hours. 

We have settled on a slightly different basis for the thing. 
We prepared some graphs that are substantially based on 
this premise that if the line is sufficiently stable—over a 
period of approximately an hour, all of the measurements 
taken during that hour will give you within one per cent of 
a constant value of pipe line efficiency. 


Meters to Get Actual Volume 


11:30. These three readings eliminate the human error fac- 
tors, and give the men time to tear down the weights and 
set them back up again. Eliminating the human error in 
reading the deadweight gages is an important factor. 

In each of our divisions one man is responsible for coordi- 
nating the field data. He, in turn, relays it into our general 
offices where the efficiency computations are made. This 
includes data from the compressor stations, measuring sta- 
tions, and check meter locations. These men take the pres- 
sures using deadweight gages that have 0.1-lb weights. The 
deadweight gages are calibrated. A deadweight tester is avail- 
able and they are calibrated against one base gage, calibrating 
all down the line. 

We get our initial and final temperatures for each section 
at the compressor stations. Our line section is considered to 
be between each compressor station, or from a compressor 
station’s future site if a station hasn’t been built there yet. 
We record the pressure on our pig trap barrels with the pig 
trap gate open and the deadweight hooked up to a bleeder 
on a pig trap barrel. At the same time, regular suction- 
discharge pressures are recorded and they, in turn, check 
each other. 

The reason for this is that we have found that there is a 
few pounds difference in pressure through the traps. 

At the station, we take the suction temperature, discharge 
temperature, and the ground temperature. At each measuring 
station all further information is taken—readings on pressure 
differential, temperature, and, in most cases and particularly 
at the larger stations, the specific gravity is obtained. 


Reporting Test Data 

This information is compiled on a form we have made up 
for the convenience of our field personnel, and we’ve found 
it very helpful. Any human error you may have can usually 
be found there. The information on this form is then called 
to the coordinator of that division and he relays it by tele- 
phone to the main office. The forms are also mailed to the 
office so that the information compiled in the main office 
can be checked to eliminate the telephone error. 

Because it has the deadweight gage numbers written down, 
it also gives you a chance to go back over the deadweight 
gage record to make sure that the calibration correction was 
applied to the proper instrument. 

With this information, the operating department is then 
able to make the flow efficiency computations. 
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S oUTHERN Natural Gas Company is particularly for- 
tunate in having a highly integrated system insofar as we 
have a main line system that consists of an original line and 
two loops. We have a high pressure 18-in. line that runs 
some 50 miles south of that main system, so we can isolate 
a line completely for making one of these tests. 

We necessarily have tested from gate-to-gate in the begin- 
ning so that we would know what condition the line was 
at any one point. In the future we plan to extend that out 
to longer spreads or station-to-station tests. 

A test is set up by our dispatching department, some 12 
to 24 hours before the men arrive in the field. The crews 
are headed up by an engineer out of the main office. Dis- 
trict personnel are used wherever necessary. We usually have 
one man from the district with the crew, not only for safety 
but to help otherwise. 

As a general rule, as far as line stability for flow study is 
concerned, we try to stay within 1-lb change in one hour. 


Q@ @& A Session 


What temperature is used in the flow formulas — 
average temperature, mean temperature derived from 
the temperature taken at the suction of one station 
and the discharge of another station? 


(Bukacek) In some cases it’s very reasonable to ap- 
proximate the mean temperature by simply taking the 
average between those two end values. Especially, 
where there just is a few degrees temperature differ- 
ence between the two points. 

What we recommend—f there are sufficiently large 
temperature changes — is that you should actually 
make measurements of temperatures at several points 
so that you can get an accurate temperature distri- 
bution. Why we make this recommendation is be- 
cause you'll run across situations where you have a 
river crossing on the line and transfer a lot of heat 
out of the gas. You may also cross marshes or dry 
sandy soil which will foul up the temperatures that 
you get. That is the reason why we recommend — 
with a large temperature drop—to go out in the field 
and take these measurements. 


Q. 


What weight of ammonia is injected into the line and 
also what effect does the water have on ammonia? 
How much ammonia do you have to put in to over- 
come the absorption characteristics of water in the 
line? 

(Bukacek) The amount varies with the amount of gas 
in the line and the velocity of the gas in the line. On 
the highest pressure line, we can get by with a half 
a pound of ammonia quite successfully. On the lower 
pressure lines, we generally use from one to three 
pounds. 

It has been our experience that if there is much 
water in the line, you might not be able to pick up 
the ammonia. The result certainly would be question- 
able if you had very much water in the line. Even if 
you do pick it up, you don’t know whether you've 
picked up the leading edge of the slug of ammonia. 
(White) We have tried running tests within three or 
four weeks after completing a hydrostatic test and 
we just couldn’t get any results. We have had to wait 
longer—sometimes two or three months after the test 
was completed. 
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Southern Natural Tests from Gate-to-Gate 


We don’t always have flow that steady, but it has worked 
out well so far. If the changes are in the same direction, we 
have, I think, made suitable tests with some 2 or 3- 
Ib change in an hour. We use deadweight gages, with a 
large enough supply of them that they can be returned to 
the factory for calibration. 

In relation to temperature, we use a probing rod and then 
insert a dial thermometer with a 36-in. rod down to the 
top of the pipe. We pay particular attention to actually get- 
ting on top of the pipe. We think that we are within one or 
two degrees of the actual gas temperature. 

We've had difficulty in obtaining the relative differences 
in elevations. We make use of barometers in this regard, and 
we have also obtained and use some war surplus airplane- 
type altimeters. We note the barometric changes that make 
it difficult in getting the elevation changes. By going over it 
a number of times we've been able to eliminate that problem. 


What pipe line engineers want to know. 


Qa. Is the ammonia injected at the station? 

A. (White) No, the ammonia is injected some place near 
the middle of the line between two gate settings, nor- 
mally about 8 miles. Ammonia is normally run about 
8 miles. We think that flow is the same, of course, 
in any section of the line; therefore, the ammonia run 
is merely to determine the flow between the com- 
pressor stations even though you only run it 8 miies. 


If the ammonia sample is run in the center of a line 
between two compressor stations does that make the 
temperature correction less? 

A. (White) That's one of the reasons for injecting it near 

the center between the two compressor stations. 
Actually, you're on or near, the straight line portion 
of the temperature curve. 
(Bukacek) When you use ammonia injection over a 
long section, you have two temperature effects to 
take into account. One concerns the determination of 
flow rate and the other concerns the determination 
of overall line efficiency. So, you have actually two 
average temperatures to obtain: one for the ammonia 
test section and another for the overall line section 
you're going to test. 


Do any of the companies represented by the panel 
members use average monthly sales figures, average 
monthly temperatures, and average monthly pressures 
for making flow study efficiency calculations? 
(Humble) No. 

(White) No. 

(Phillips) No. 


(to all the panel members) What efficiencies are being 
found and how low do they drop before a “pigging” 
program is instituted? 

(Humble) Efficiencies on our 30-in. Texas Eastern 
line have ranged in some sections around 93 per cent 
with some as high as 97 or 98 per cent. When the 
efficiencies start coming down in a section, we check 
them again, and if it is a repetition of previous re- 
sults, we start pigging. We don’t wait until it goes 
down to a certain point. If it starts down and we con- 
vince ourselves that it is coming down, we will pig. 
Routine pigging is usually done in the fall of the year. 
But the efficiency is watched throughout the year. 
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How to Make a Flow Efficiency Test 


Here's a brief review of 
methods used and data required 


Flow efficiency of a pipe line section is the ratio of 
the measured flow to that calculated by use of a flow 
equation for the same operating conditions. The field 
measurements required to determine flow efficiency 
are the 

flow rate, 

pressures, 

temperatures, 

specific gravity of the gas, 

elevation change between the ends of the section 

under test, and 

atmospheric pressures. 

Required equipment includes 

calibrated deadweight gages, 

two temperature-compensated aneroid barometers, 

thermometers, 

a gas gravity balance, and 

such accessory fittings, tubing, and communications 

gear as Circumstances require. 

Equipment needed for flow determination varies 
according to the technique employed. 

As all equations presently used for estimating the 
rate of gas flow in a pipe line apply only to steady 
state operation, it is necessary that pipe line condi- 
tions be stabilized for the tests to yield valid results. 

Flow measurement: gas flow at the time of test 
is preferably determined by use of orifice meters. 
Where orifice metering is not practical, flow deter- 
mination by use of a tracer is recommended. 

Orifice meters: The design of orifice meter installa- 
tions and the calculations of natural gas flow rates 
from chart data are to be made in accordance with 
the AGA Gas Measurement Committee Report No. 3, 
“Orifice Metering of Natural Gas.” 

Tracers: Tracer techniques consist of injecting a 
small quantity of detectable material into a pipe line 
and measuring the elapsed time for its travel to a 
specific point downstream. The volumetric flow rate 
is calculated (see table) from the travel distance and 
time, nominal inside pipe diameter, and averaged con- 
ditions of gas temperature and pressure. 

Sufficient line length must be chosen to reduce to 
acceptable limits errors in timing the tracer and in 
line length determination. The travel distance must 
be sufficiently short that dispersion of the tracer does 
not make its detection difficult. Experience has shown 
that 5 to 15-mile distances are quite satisfactory. 

Anhydrous ammonia is commonly used as a tracer 
because of its low cost, availability, and ease of de- 
tection. Equipment required for its injection includes 
an ammonia storage cylinder; a high-pressure bot- 
tle, with a stainless steel valve at each end, to hold a 
3 to 5-lb charge of ammonia; a stop watch; and aux- 
iliary fittings and equipment according to the chosen 
method of injection. The ha’ ‘ling of ammonia should 
be guided by National Safety Council Data Sheet 
D-251. 

Pressure measurement: Pressure readings must be 
taken at the terminals of the line section under ef- 
ficiency test, and at the injection and detection points 
when a tracer is used to determine flow rate. In all 
cases a series of readings should be made and re- 
corded at 10-minute intervals at each point to permit 
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D 
Dave 


D, 


SYMBOLS 


in inches, internal diameter or pipe line section. 

in inches, average internal diameter used in calculating 
Q, (observed). 

in inches, equivalent diameter on which equivalent 
length is based. 


D., D., Ds in inches, diameters of the different pipe sizes com- 


E 
e 
f 
f. 


prising a pipe line section. 

dimensionless, pipe line efficiency. 

2.718, base of natural logarithms. 

dimensionless, friction factor. 

+ rere: friction factor for equivalent diameter 
dimensionless, friction factors referring to pipe sections 
having diameters D,, D., and Ds. 

dimensionless, gas specific gravity relative to air. 

in feet, elevations at inlet and outlet of pipe line section 
in miles, length of pipe line section. 

in miles, equivalent length of pipe line section based on 
equivalent diameter D.. 

in miles, line lengths referring to pipe sections having 
diameter D,, D., and Ds. 

in psia, average gas pressure in a pipe line section 

in psia, base pressure to which gas volume measure- 
ments are referred. 

in psia, inlet and outlet gas pressures of a pipe line 
section. 

(calculated) in CF/day at base conditions, gas flow 
rate calculated by use of a flow equation from the 
conditions prevailing at the time Q, (observed) is 
determined. 

(observed) in CF/day at base conditions, gas flow rate 
determined by orifice meter or tracer test. 

0.0375G (hs - hy )/Zave Tavs- 

in *Rankine, average gas temperature in a pipe line 
section. 

in °Rankine, base temperature to which gas volume 
measurements are referred. 

in °Rankine, gas temperatures at the inlet and outlet 
of a pipe line section. 

dimensionless, gas compressibility factor determined 
at Pos and Teve- 

in minutes, elapsed time between tracer injection and 


its detection. 





determination of the degree of line pressure stabiliza- 
tion. If a tracer is used, pressure readings should be 
started at least a half hour before injection and 
continued through the period of tracer level. 

Gas temperature measurement: Gas temperature 
measurements made by inserting a suitable thermom- 
eter (mercury in glass thermometers should not be 
used in this application) into the gas stream are pref- 
erable; however, gas temperatures are ordinarily not 
critical to accurate determination of efficiency, and 
pipe wall temperatures obtained by attaching thermom- 
eter wells, thermocouples, or resistance thermom- 
eters to the pipe wall are very satisfactory. Where 
the pipe is accessible, a thermometer bulb held to the 
pipe wall with insulation and a paper wrap and covered 
with dirt will in many cases give sufficiently accurate 
results. 

Gas specific gravity determination: A gas specific 
gravity measurement should be made at the time of 
test. Where station gravitometers are located suf- 
ficiently near the test site, their readings may be used; 
however, where specific gravity changes occur fre- 
quently, or where an accurate station measurement 
is not available, a portable gravity balance should be 
used. Gas specific gravity can be affected by contami- 
nants in the line and by gas processing and mixing; 
hence appreciable errors can be incurred through fail- 
ure to obtain a gravity measurement. 
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Summary of Calculations of Pipe Line Flow Efficiency 








QUANTITY | 





Q. (observed) _ 41469 LD? Pose Ts 
with tracer Q= @ Py Tec Z 
technique © oe 


Qy ( calculated ) General - 





| P,2-P,2 
Q, = 38.77(T./ P,) a 
Panhandle A: 


| 


Weymouth: 


| P,2-P,2 
Qy = 433.49(T./P,) - 





| General: 

| Q» = 38.77(T., 2S) fee — 
Panhandle A: 

Qy = 435.87(T,,/P,,)1-0788 lc 

| Weymouth: 


(P,2-P,2e8)S 
Tave L Zavg £(€8-1) 


Q, = 433.49(T, P,,) >, aa 


a “EQUATION 
Efficiency E = Q, (observed) / ‘Q» (calculated ) 


G Tove L Zave f 


Lave Tave 
G Tavs L Zevs 


0.0375G(hs-hy ied 0.5394 


P,2-P,2 
Qy = 435.87(T./P,) 1.0788] - 
2 0.0375G (hs - h; ) Pave? 79-5000 


G Tove L Zave 


(P:2-P,2e5)S 
G Tove L Zave(e8-1) 
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Pave = (P: + Ps) 2 
J 
Pars = 7 (P.3-P.3) P,2-P,2) 


Tavg os (T: + Ts) 2 


1 2 " 22 we 2 + 
p,,,¢ = Lids? + LD? + LD 


L, = L. + L, 4+ 


General: 


L. = D.5/f. ((L:f:/ Di5) + (Lef./D,5) 


Paneer A 


mL, 


L. = D,'#/3 [(L,/D,16/8) + (L./D,16 *) + (L./D, 16/8 3) 4 


S—-14S8+( $2/2) + (S3/ 31)+...S 


= MS ians [(L,/D,4-8539) + (L,/D,4-8539) + (L,/D,4-8639) 4 


COMMENT 


iQ. (observed) is the 
measured gas flow rate; 
|Q» (calculated) is that 
| from a flow equation. 


| This equation is used only 
when the tracer technique 
is employed. 


In these equations the 


change is based on aver- 
age gas density 


md el Na correction for elevation 


D5/2 


D2.6182 


pss 


In these equations the 


0.500 correction for elevation 


at change is based on the 
assumption of constant 
-] ‘Deities pipeline slope 


D8/3 
Equation 9 is less accu- 
rate than Equation 10 but 
is applicable to small 
pressure drops 


Applicable to small tem 

erature changes. For 
arger temperature 
changes a temperature 
profile must be used 


To be used in calculating 
Q, (observed) from tracer 
data where the tracer 
travel section is comprised 
of several sizes of pipe 


To be used in evaluating 


+ (Lsf./D,5) 4 ; Q. (calculated) where 


efficiency test section is 
comprised of several sizes 


of pipe. 


This method of calculat 
ing e5 is accurate pro- 
vided that sufficient terms 
lare included. For S less 
}than 0.05 only the first 
| three terms are required 











Compressibility factor determination: The most 
accurate method of determining compressibility fac- 
tors is the direct measurement, with a Bean or Bur- 
nett apparatus, of a gas sample taken at the time of 
test. However, ordinarily it is more convenient to 
make use of a suitable correlation of compressibility 
factor. The AGA “Supercompressibility Factors for 
Natural Gas” (1955), and “Orifice Metering of Nat- 
ural Gas” (1955), present correlations of supercom- 
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pressibility factors, F,, = \/ 1/z (z is the compres 
sibility factor), that are admirably suited to efficiency 
test use. These correlations require gas specific grav- 
ity, carbon dioxide and nitrogen content, or gas spe- 
cific gravity, heating value and carbon dioxide content 

Elevation change determination: Elevation changes 
are best determined by a land survey. Where that is 
not practical and accurate elevation data are not 
available, an alternative is to use aneroid barometers 
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calibrated to show elevation above sea level. Eleva- 
tions determined by barometer are subject to instru- 
ment errors and variations in atmospheric pressure, 
but the effect of the latter can be minimized by ad- 
justing two barometers to read together at the same 
point and time. A series of barometer readings is then 
taken simultaneously, over a period of approximately 
a half hour, at the ends of the section for which the 
elevation change is to be determined. Although atmos- 
pheric pressure may be rising or falling, it may be 
found that the difference between the readings is fairly 
stable. 





Injection Point 
Detection Point 
Pipeline Diam 


First Ammonia Injected 


Second Ammonia Injected 


PIPELINE EFFICIENCY TEST 
Flow Rate Determination Data 


Test Identification Date 


Party Location 

Mile Post 

Mile Post 
Ammonia Travel Distance 


AM 
PM Detected 


Elapsed time to relay of starting time 
Stop watch reading at detection point 
Travel time 


AM 

PM Detected 

Elapsed time to relay of starting time 

Stop watch reading at detection point 
Travel time 

Deadweight Gage No. 
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Suggested Field Data Form 





Field Data Form 

All data taken in the field during pipe line efficiency 
testing should be recorded on suitable forms; the use 
of other than properly annotated forms should be 
avoided. Presented above is a recommended field 
data form which provides for complete test identi- 
fication as well as the required field data. Since it 
is often desirable to calculate gas flows in the course 
of the field work, the formula for calculating flow 
rate from the tracer data is included. 

Where only pressure and temperature data are re- 
quired at the data taking points, the same type of 
form can be used with omission of the section re- 
lating to flow rate determination. This will allow space 
for additional pressure and temperature entries. 

The significance of the subject headings of the 
form is: Sheet of : identification of 
the number of data sheets and their order. Test Iden- 
tifications: designation of the pipe line section under 
efficiency test; thus, “gate valve No. | to gate No. 6.” 
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Date: the date on which the test data are taken. 

Party: the persons taking the data recorded. 

Location: identification of the data taking point; thus, 
“gate valve No. 3.” 

Injection Point: identification of the location at which 
ammonia injection is made; thus, “downstream 
blow-off riser, gate valve No. 3.” 

Detection Point: identification of the place at which 
ammonia detection is made; thus, “upstream blow- 
off riser, gate valve No. 4.” 

Mile Post: the reference mileage to the location indi- 
cated. 

Pipe line Diam.: the diameter of the tracer travel 
line section. 

Ammonia Travel Distance: the difference between 
the mile posts recorded for the injection and de- 
tection points. 

First Ammonia Injected: the hour and minute at 
which the first ammonia slug is injected into the 
line. 

Detected: the hour and minute at which the ammonia 
slug is detected. 

Elapsed time to relay of starting time: the time inter- 
val between ammonia injection and the reference 
time indicated to the detection point. 

Stop watch reading at detection point: the time inter- 
val between the reference time relayed from the 
injection point and ammonia detection. 

Travel time: the sum of elapsed time to relay of start- 
ing time and stop watch reading at detection point. 

Deadweight Gage No.: the identifying mark given 
the deadweight gage used. 

Time: the hour and minute at which each pressure, 
temperature or elevation reading is made. 

Gage Press.: the deadweight pressure readings. 

Gas Temp.: the gas temperature readings. 

Atm Press. (or elevation): the atmospheric pressure 
readings. If an altimeter (aneroid barometer scaled 
to show altitude) is used, the altitude readings 
should also be recorded in this space. 

Comments: any remarks necessary to clarify the 
data recorded; thus, “4:00 p.m. reading delayed; 
high winds necessitated moving deadweight gage 
into truck.” 


Pipe Line Efficiency Calculations 
The flow efficiency of a pipe line is defined: 


_ Q, (observed) 
~ Q, (calculated) 


E {Equation 1] 





where Q,, (observed) is the flow rate measured by 
orifice meter or tracer determination; and Q, (calcu- 
lated) is the value of flow rate calculated, by use of a 
pipe line flow equation, from the conditions prevail- 
ing at the time the flow rate measurement is made. 

The calculations required to determine pipe line 
efficiency are summarized in Table 1. Three flow 
equations, representing the equations of most general 
utility, are given. The widely used “Panhandle A” 
equation is derived from the “General” equation by 
letting F = 0.01923 (D/GQ,,)°-****. The “Weymouth” 
equation, which is also widely used, may be obtained 
from the “General” equation by the substitution 
F = 0.008/D**. The equations as given include the 
compressibility factor, although they are sometimes 
used without it. 
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Pipe is rotated as initial 6-mil coating is 
sprayed on by a hand gun at pressure of 45 psi. 


Close-up of pipe end on air-driven rota- 


tors that 


Severe field tests show new amine-cured 
coal tar-epoxy resin coating is easy and 
less costly to apply, highly resistant to 
practically everything, and may last 


forever! 


Soon you may be 





spin’’ the pipe at 50 rpm. 


Spraying or Painting 


Coatings on Pipe Lines! 


Robert Bradford 


President, Plastiservice, Inc 
Shreveport, Louisiana 


EDITOR’S NOTE: The March is- 
sue of The Petroleum Engineer 
presented the first published re- 
port on a new type of coating that 
can be sprayed or painted on pipe 
lines just like whitewash. 

Many of our readers have re- 
quested more information on this 
new type of coating and its appli- 
cation, which may well revolution- 
ize current thinking on protecting 
pipe lines and other facilities 
against corrosion. 

This article is a first-hand re- 
port on this new material and dis- 
cusses a variety of applications in 
which the material is being tested 
to determine its performance 
under widely varying conditions. 


A new type of coating — a coal tar- 
epoxy resin, amine cured coating — 
may prove to be the greatest advance 
in coatings since the development of 
the epoxy resin. This new coating re- 
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tains the quality of the standard epoxy 
coating while adding the advantages of 
coal tar. 

In chemical tests and field tests, it 
has been found to have superior heat 
resistance qualities and is highly re- 
sistant to all corrosive problems in the 
pipe line and production divisions of 
the oil industry. 

Tests show it to be completely re- 
sistant to 10 per cent NaOH solutions 
and 10 per cent HCI solutions. H,S 
has no effect whatsoever on the ma- 
terial. Bond of the material to steel is 
exceptionally good in all cases at tem- 
peratures ranging from plus 400 F to 
minus 10 F. In no case would it break 
loose from bond, even under impact. 

After immersion in an aromatic sol- 
vent, Xylol, for a period of 36 hr, there 
was no discoloration of the solvent, yet 
neither the coating nor the bond was 
affected. Immersed in a commercial 
solvent composed of ethyl alcohol, 
Xylol, toluol, MEK, and MIBK for a 


period of 36 hr, the coating was not 
attacked, but some discoloration was 
detected in the solvent. 


Test Applications 

At the present time, test applications 
for corrosion resistance are underway 
in plant, production, and pipe line serv- 
ice. These include: 

1. A major oil company has 6400 ft 
of 3, 4, and 6-in. pipe line in service in 
a salt water disposal system. This steel 
pipe is coated both internally and ex- 
ternally. The internal coating is an acti- 
vated epoxy resin. The external coating 
is an activated coal tar-epoxy resin 
coating. There has been no deteriora- 
tion after more than 6 months 

2. A tank in southern Arkansas, in 
service handling salt water disposal 
with a high H.S content, has been 
coated internally with the new coating. 
After nearly 5 months no deterioration 
has been noted. 

3. A test application is underway 
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Glass fiber wrap is applied by hand 
with enough tension to imbed it into 
the coating with a %4-in. lap. 


in the bag collector room of a carbon 
black company in southern Louisiana 
under conditions of high temperature 
(400 F) and highly corrosive atmos- 
phere. No effect has been noted on the 
coating after 4 months. 

4. A fertilizer plant is testing the 
coating in a location where other types 
of corrosion resistant coatings have 
failed in periods as short as two weeks. 
The coal tar-epoxy resin coating has 
heen in service nearly three months and 
there is no apparent effect. 


How Pipe Is Coated 

Preparation of the 3, 4, and 6-in. 
pipe prior to coating consisted of clean- 
ing the surfaces by washing with a sol- 
vent and allowing the solvent to evap- 
orate from the pipe surface. 

The amine-cured epoxy coating is 
prepared by putting the basic coating 
ingredient into an agitator-type vessel 
and adding the amine in the quantity 
recommended by the coating manu- 
facturer. The catalyzed material is al- 
lowed to agitate for 45 min. 

After the material is ready for ap- 
plication, it is put under pressure of 
35 psi. Atomizing pressure is 45 psi, us- 
ing a hand gun-type sprayer. Pipe is 





The Author 


Bob Bradford, youthful president of 
Plastiservice, Inc., Shreveport, Lovisiana, 
is a native Lovisianan, educated at Cen- 
tenary College and LSU. He received his 
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dustrial chemicals, stainless stee! prod 
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mobile, internal coating services. 
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Seams and sharp corners of the tank 
were caulked with a coal tar-based 
mastic, using an ordinary hand caulk- 


ing gun. 


put on air-driven rotators and turned 
at a speed of approximately 50 rpm. 

At this speed, the coating is applied, 
and the centrifugal force of the turning 
pipe forces the spirally sprayed coat- 
ing into a smooth, even, 6-mil coating. 
Glass fiber fabric is then applied by 
hand and held with enough tension to 
imbed it into the coating with a %4-in. 
lap. After applying the glass wrap, the 
pipe coating is allowed to cure for 10 
hr. It is then put back on the rotators 
and a second coating of 3-mil thick- 
ness is applied, followed immediately 
by a kraft paper wrap. 

The material hardens complete afte 
24 hr of curing and is ready for laying. 
No damage to the coating was found 
during the laying of the line. 

The material, after curing for 4 


days, was found to have a terrific te- 
nacity and the bond was so strong that 
it could not be removed to show bare 
metal even when scratched strongly 
with a linoleum knife. 








Tank walls and bottom received an 
initial 2-mil coating, sprayed by a 
hand spray gun. After 2-hr curing, a 
final 5-6 mil coating was applied to 
the walls, and an 8-mil coating was 
applied to the tank bottom. 


Tank Application 

The tank, in southern Arkansas, was 
prepared in the same manner as the 
pipe. A solvent was used to clean the 
walls and bottom, with particular care 
being taken in cleaning the seams and 
crevasses. 

As this was to be a salt water dispo- 
sal tank in severely corrosive sour crude 
area, an epoxy-based matic was used 
on all seams and sharp corners. This 
material was applied with an ordinary 
hand caulking gun. 

The coal tar-epoxy resin coating was 
applied by hand spray gun. A very thin, 
1% to 2-mil coating was applied and 
allowed to cure for approximately 2 
hr. This was foilowed by a final coating 
of 5 to 6 mils applied to the walls. A 
final coating of approximately 8 mils 
was applied to the bottom and outlet 
areas. The coating was allowed to cure 
for four days before being put into 
service. 

After nearly 6 months service, a 
thorough inspection revealed that the 
H,S concentration had had no ap- 
parent effect on the coating. The bond 
was still in perfect condition and the 
surface retained its gloss and smooth- 


ness. 


The Outlook 

Tests to date on this new coating, 
while not conclusive, show this new 
coal tar-epoxy resin, amine-cured coat- 
ing to be a product of outstanding 
merit, considering the severe tests to 
which it has been subjected. 

Further testing will be undertaken 
as more companies experiment with its 
uses and applications. 

Applied coatings of this new product 
cost considerably less than other coat- 
ings because much of the initial sur- 
face preparation such as sandblasting 
or priming of the metal is not required 

x*** 


THE PIPELINE ENGINEER, July, 1956 











MODERN 
DESIGN OF 
OIL PIPE LINES 


Turbulent Flow 

If the Reynolds number pertaining 
to the flow rate, diameter, and vis- 
cosity under consideration indicates 
turbulent flow, the pressure drop can 
be calculated by the equation given on 
the curve, namely: 

p f sQ’, 
d5 

In which: 

f = friction factor, dimensionless. 

$s = specific gravity of oil at mean 
flowing temperature. 

Q = bbl per hr. 

d = diameter of pipe, in. 

P = pressure drop per 1000 ft, psi. 

This again is a simple formula. It 
can easily be deduced from the Fourth 
Formula for P for turbulent flow on 
the Pigott graph. 

0.000106 frLB? 
dP - 
d 

By substituting 1000 for L, and 62.5 

xs for r, the formula becomes: 
6.63 fsB* 
= 

In the graph all “f” values were 
multiplied by 6.63 before plotting 
them, thus simplifying the labor of the 
calculating engineer. 

It is here again suggested that the 
engineer either calculate the pressure 
drop in a pipe line of given length for 
a given quantity of oil and magnitude 
of specific gravity and viscosity by 
means of all the equations mentioned 
on the Pigott graph or that he convert 
the factors in the equations reducing 
all to the one he will choose as a tool. 
Thus only can he convince himself of 
the uniformity of the results to be ob- 
tained by the different equations. The 
basic equations of flow and the rela- 
tionship between the Reynolds number 
and the friction factor must be taken 
on faith in the work of scientific inves- 
tigators until by chance the reader can 
make observations of. his own on oper- 
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ating pipe lines. Many observations are 
necessary to amend a well established 
empirical formula. 


Effect of Factor Variations 

The reader's attention was pre- 
viously called to the fact that in 
streamline flow: 

1. The pressure drop varies propor- 

tionately to the flow rate and to 
the absolute viscosity, and in- 
versely as the fourth power of the 
diameter. 
For the same pressure drop, the 
flow rate varies inversely as the 
absolute viscosity and proportion- 
ately to the fourth power of the 
diameter. 

Not so for turbulent flow, in which 
the pressure drop varies proportion- 
ately to the second power of the flow 
rate times the ratio of the friction fac- 
tors pertaining to the Reynolds num- 
ber for the two flow rates. The value 
of the ratio of the friction factors 
varies with the position of the factors 
on the curve. If the flow rate is 
doubled, that is, increased from one 
to two, a mean value of the ratio of 
the friction factors is about 0.85. The 


pressure drop for double flow rate, 
ws 
therefore, will increase as— 


< 0.85 


or 3.4 times, for the same length and 
diameter of pipe. In streamline flow, 
the pressure drop would have only 
doubled for twice the flow rate 

The effect of a change in viscosity 
is less marked in turbulent flow. For 
the same pressure drop, the ratio of 
capacities of a pipe line for a viscosity 
reduction of 50 per cent will be ap- 
proximately equal to the square root 
of the inverse ratio of the friction fac- 
tors pertaining to the two viscosity 
values: 


Q ‘ft, 1.19 1.09 ¢ ) 
c average 
a” ‘ 


Fritz Karge 


Consulting Engineer 


So drastic a reduction in viscosity as 
50 per cent will, therefore, give the 
pipe line an increase in capacity of 
only about 10 per cent, neglecting the 
small effect of a probable reduction 
in the specific gravity. In a pipe line 
in streamline flow, the capacity would 
be doubled 

For an increase in pipe diameter for 
the same flow rate and viscosity, the 
pressure drop will decrease in propor 
tion to the inverse ratio of the fifth 
powers of the diameters multiplied by 
the ratio of the friction factors pertain- 
ing to the diameters. If d 
than d_, then: 


is larger 


f 

d | 
The ratio of the friction factors 
again depends on the position on the 
curve of the Reynolds number pertain- 
ing to the given factors. For an in- 
crease in size of pipe diameter from 8 
in. to 10 in. an average value of this 


Then: 


P P 


ratio is 1.07 


P,=P, x ——x 107=0.35 x P 
10 

The effect of a variation in the mag- 
nitude of the various factors of the 
flow formulas is dwelled upon in de- 
tail for two reasons, one, theoretical 
and the other, practical. 

The engineer will not understand 
the theory of any formula and all the 
formulas’ possibilities unless he has 
made himself thoroughly aware of the 
effect of magnitude variations in the 
various factors. 

Knowing the effect of such varia 
tions, the engineer will be able quickly 
to estimate the change in the calculated 
result of a given problem through fac 
tor magnitude variations. He will find 
that knowledge valuable 

In all flow calculations, not the 
nominal pipe diameter but the actual 
interior diameter of the pipe should be 
used. In days past, only standard and 
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extra heavy pipe were available and 
most tabulations of the fourth and fifth 
powers of diameters give the values for 
these two weights of pipe. In recent 
years pipe of thinner wall than that 
of standard thickness has been used, 
particularly in the sections of a line 
with reduced pressure, A reduction in 
wall thickness increases the internal 
diameter, for pipe is rolled to the same 
external diameter no matter what the 
thickness of metal. Appreciable reduc- 
tions in pressure drop are the conse- 
quence of thinner pipe walls. Later 
some remarks will be made concern- 
ing the accuracy that can be expected 
of flow calculations. 


Refinery Lines 

In some refineries the velocity of 
flow in the interconnecting pipe lines 
is more or less arbitrarily limited to 
certain values, 5 to 7 fps for pumping 
lines, for instance, and 2 to 4 fps for 
suction lines to pumps. The following 
formula will indicate the required pipe 
size for the given flow rate and limiting 
velocity: 


0.286 
d= q t Q 


Vv 


In which: 

d = diameter of pipe, in. 

Q = bbl per hr. 

v = velocity, fps. 

The diameter of the nearest com- 
mercial pipe size can then be taken 
for use in the flow formulas to deter- 
mine the pressure drop. 


Friction Factor for 
Streamline Flow 

It will be noted that in the stream- 
line region only one curve is shown 
on either of the two graphs, (Graphs 
1 and 2,) whereas in the turbulent re- 
gion a number of curves are drawn. 
The reason for this difference lies 
largely in the fact, determined by test 
and theoretical analysis, that the rough- 
ness encountered in ordinary commer- 
cial pipes of various materials and 
manner of manufacture has little ef- 
fect upon the friction factor in the 
streamline flow region, whereas its ef- 
fect in the turbulent flow region is 
appreciable. The non-effect of rough- 
ness on streamline flow can be ex- 
plained by examples. A liquid of low 
viscosity can be in streamline flow only 
at exceedingly low velocities. Water, 
for instance, must flow in an 8-in. pipe 
at a velocity of 0.04 fps, or at the rate 
of 8 bbl per hr. At so low a velocity 
ordinarily encountered roughness will 
not affect the friction loss. Viscous oil, 
even when flowing at a higher velocity, 
forms a stationary film on the pipe 
wall, so long as it is in streamline flow. 
The film is very likely of greater thick- 
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ness than the depth of the pipe metal 
protruding inward beyond the mean 
surface of the pipe, the film covering 
the roughness. 


Friction Factor for 
Turbulent Flow 

The Pigott graph (Graph 1) gives for 
the turbulent flow region the friction 
factors for commonly used pipe of 
various materials of construction. 
Graph 2 limits itself to steel pipe as 
used for the transportation of oils only. 
Curves for pipes of other materials, 
such as concrete, brick, wood, etc., are 
available in many different publica- 
tions. These pipes are used largely for 
the conveyance of water. 

On both graphs the curves for the 
larger size pipes lie lower than those 
for smaller size pipes, resulting in 
lower friction factors for the same 
Reynolds numbers. This is due to the 
relatively greater roughness in smaller 
pipes, the protuberances into the mean 
diameter having been carefully meas- 
ured and found to be approximately 
the same in depth for the pipes of a 
given material and irrespective of the 
measure of the diameter. Pigott’s ar- 
ticle, from which both graphs were 
taken, gives a more detailed review of 
the effect of roughness than can be in- 
cluded in this article. The relative 
roughness is indicated, however, on the 
Pigott graph. 


Friction Factor for 
Unsteady Flow 

Both graphs show an overlapping of 
the friction factors for streamline and 
turbulent flow between the lower and 
upper critical flow limits, indicating 
that the flow may be either streamline 
or turbulent. It is generally held that 
in both cases the kind of flow pre- 
viously existing tends to persist. When 
oil cools in a flowing line, for instance, 
the increasing viscosity will decrease 
the Reynolds number below the upper 
critical value. Turbulent flow, however, 
might persist until or almost until the 
lower critical value is reached. 

When oil is heated in a flowing line, 
on the other hand, streamline flow 
might persist until the Reynolds num- 
ber approaches the upper critical value. 
The flow in this region is apt to be 
unsteady and many investigators and 
compilers, including Pigott, recom- 
mend the use of the turbulent values 
for f in this region.gs the only safe 
procedure. + 

Beal and Docksey, however, in an 
article in the Journal Inst. Petr. Tech., 
August, 1932, report a series of tests 
with water showing that the transition 
from turbulent to streamline flow, or 
vice versa, takes place along an S 
shaped curve indicated on both graphs. 


Others have shown the existence of the 
S transition by careful mathematical 
analysis. In two tests on flowing oil 
lines the writer found the S transition, 
but not in a third test. Additional in- 
vestigations are needed to clarify this 
phenomenon. 

What difference in the caculated 
total pressure will result from the use 
of the turbulent f curve rather than of 
the streamline curve? In a long pipe 
line handling a light oil in isothermal 
flow an increase in the calculated pres- 
sure of as much as 25 per cent may 
result, if the Reynolds number falls 
just to the left of the upper critical 
value. This condition of flow will very 
seldom exist, for light oil lines of eco- 
nomic size are decidedly in turbulent 
flow. 

In long, heavy oil lines, however, 
this unsteady flow is likely to occur 
for a few miles as the oil cools, the 
flow changing from turbulent to 
streamline. Such lines usually pump at 
a pressure of from 800 to 1000 psi. 
Tt will be shown later that the calcu- 
lated overall pumping pressure will in- 
crease by not more than a few per 
cent by using the turbulent f factor in 
this region. Pipes in oil heaters in 
which the flow changes from stream- 
line to turbulent are usually short, the 
transition region still shorter, and the 
use of the turbulent f factor is recom- 
mended for the sake of safety. 


Accuracy of Flow Formulas 

The question might arise of what 
degree of accuracy to expect from the 
use of these graphs and formulas. The 
writer counters this question with the 
suggestion that we first investigate what 
degree of accuracy is required. 

Suppose the engineer is engaged in 
determining the proper size and calcu- 
lating the friction loss for the many 
pipe lines connecting the units of a 
proposed refinery plant. Some lines 
will operate under vessel pressure dif- 
ferentials, others by pump pressure. 
For each line there must be given the 
maximum flow rate required, the tem- 
perature of the oil, its viscosity and 
specific gravity at the flow tempera- 
ture, the probable length of line, the 
number and type of fittings, valves, 
controllers, meter orifices, and other 
pressure drop creating devices, and the 
difference in elevation between each 
line’s terminals. Chances are that most 
of these factors will be given on the 
process flow sheet. 

The length of the line and the num- 
ber and type of fittings will very likely 
have to be assumed, for these calcula- 
tions usually precede the detail layout 
of the piping. 

Having collected all necessary infor- 
mation to the required standard of ac- 
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curacy, the engineer will proceed with 
the calculations, determining the re- 
quired pipe size on the basis of veloc- 
ity, perhaps, as previously referred to. 
It the factors are correct, the pressure 
drop calculations will be within 10 per 
cent of correct values, in accordance 
with Pigott, who states: 

“The variation of test points from 
the average curves chosen is plus or 
minus 10 per cent for the steel pipes.” 

The writer's own observations lead 
him to say thet Pigott’s values are on 
the safe side. 

Plus or minus 10 per cent may not 
seem a desirable degree of accuracy. 
How accurate are the factors entering 
these calculations? 

Returning to the design of the inter- 
connecting lines in a refinery plant, it 
can perhaps be stated that all factors 
but the flow rate and the equivalent 
length of line, including line and fit- 
tings, will be fairly correct. The flow 
rate will be that for which the plant is 
designed. The customary experience, 
however, is that the plant will natur- 
ally have greater than the design ca- 
pacity, the process designer having 
used ample safety factors, or that the 
plant will be forced to handle a greater 
throughput. 

The designer of the pipes, therefore, 
will do well in also allowing an ample 
safety factor not only with respect to 
the flow rate, but also in the length of 
the lines and the number of pressure- 
creating fittings, etc. 

Pipes are made in certain standard 
sizes and it will happen rather seldom 
that the diameter for a given velocity 
will exactly fit one of the standard 
pipes. Usually the next larger size is 
chosen. The difference between the cal- 
culated and chosen diameter consti- 
tutes a safety factor. For such design 
work, therefore, the flow formulas can 
be credited with an accuracy well with- 
in that of some of the important fac- 
tors entering them. 

For the design of a long cross-coun- 
try oil pipe line, a higher accuracy 
seems desirable. In the design of the 
Big Inch line, for instance, a minus or 
plus 10 per cent variation would have 
resulted in an unnecessary 10 per cent 
increase in the number of pump sta- 
tions, if the actual pressure drop were 
10 per cent lower than that given by 
the Pigott curve, or the pipe line would 
have a lower capacity if the actual 
pressure drop were 10 per cent higher. 

The design of such long and large 
lines will be intrusted only to engineers 
with extensive experience in handling 
the type of oil to be transported. Very 
likely they will have accumulated test 
data of their own on operating pipe 
lines. 

As stated before, the writer’s ob- 
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servations indicate that Pigott’s fric- 
tion factors are on the safe side. The 
lowest curve “A” on Graph 2 follows 
observations made on Mid-Continent 
crude by W. G. Heltzel, former vice 
president of the Stanolind Pipe Line 
Company, and by Standard Oil Com- 
pany of California on California 
crudes. The data are in agreement for 
all practical purposes. 

The writer has designed a number 
of pipe lines with this curve. The oper- 
ating Capacity agreed remarkably with 
design capacity. The curve used for the 
design of the 24-in. Big Inch line falls 
just a little below the “A” curve. The 
friction factor graph in McAdams 
“Heat Transmission,” second edition, 
apparently uses Pigott’s curve for 6 to 
12-in. pipes. It bears the notation, 
“plus or minus 10 per cent.” The Crane 
Company's nomographs are also based 
on Pigott’s work. 

The designing engineer will hardly 
be criticized if the pipe line operates at 
a pressure somewhat lower than the 
design pressure. 


Design of Light Oil Pipe Lines. 
Factors Required 

The following factors must be deter- 
mined and set down as accurately as 
possible before a rational design of a 
pipe line can be undertaken. The 
longer the line the more important is 
accuracy in these factors. 

1. Maximum capacity required. lf 
the line is to serve a new oil field, its 
required maximum capacity can prob- 
ably be only estimated by the produc- 
tion engineers and geologists. In most 
cases it will pay to be optimistic. A 
curve showing the estimated rate of 
production increase to maximum pro- 
duction and the decline of production 
is valuable to the designer. Very likely, 
however, he will be told to design for 
a given maximum capacity. Others will 
take the responsibility for its choice. 

2. Probable life of field. This again 
is a guess during the early stages of a 
new discovery. Most oil fields have a 
long enough life to pay out the invest- 
ment cost of a generously sized pipe 
line with relatively low friction losses. 
If the depth, extent, etc., of an oil sand 
definitely precludes a long life (and 
that has been the case in a few fields), 
a small size pipe line with higher 
pumping costs for a short period might 
be the answer. 

3. Viscosity of oil and API or spe- 
cific gravity. The viscosity should be 
determined for a number of fresh, un- 
weathered samples. This characteristic 
of the oil might increase a little with 
the age of the field, or considerably 
when the oil is in later years produced 
as an emulsion. Curves are available 
showing the percentage increase in vis- 


cosity for increasing water cuts. This 
phase will not affect the design if the 
oil is to be dehydrated in the field be- 
fore being shipped. The laboratory will 
report the API gravity with the vis- 
cosity. 

If waxy crudes are to be transported, 
consideration should be given to the 
probable reduction in the pipe line's 
capacity due to wax deposition. Traps 
for inserting and removing scrapers are 
then advisable. 

4. The profile of the route of the 
pipe line. Some profiles will be level. 
In others an adverse head must be con- 
sidered in the calculations, and in still 
others a favorable drop will be avail- 
able. 

5. Physical features along pipe line 
route. For the pressure drop in light oil 
lines the physical features are of rela- 
tively small importance unless they are 
extraordinary, such as long stretches 
of very wet ground. They enter into 
the cost of the line, however. They are 
very important for pipe lines carrying 
a heavy oil that must be heated to 
move it economically. This subject will 
be discussed in more detail later. 

6. Pumping and flowing tempera- 
tures. Light oils are more often than 
not pumped at atmospheric tempera- 
ture. During the hot summer months, 
the flow will be nearly isothermal, for 
the ground at the customary depth of 
30 in. is at a temperature of from 70 
to 75 F in most of the California oil 
districts. During the winter months the 
ground temperature at that depth will 
seldom fall below 50 F, and only where 
a pipe line traverses a high elevation 
such as the Tejon Pass it might drop 
to 40 F. 

In the design the viscosity at 50 F 
should be used in California in order 
to insure full capacity also during win- 
ter weather, for the oil will cool to that 
temperature even if pumped warmer. 
The line will then have surplus capac- 
ity during the warmer months. In other 
localities, different temperature ranges 
between summer and winter pertain 
and must be considered. Further refer- 
ence will be made to this subject in 
connection with the discussion of lines 
for heavy oil. 


Calculations 

With all these factors determined, 
the engineer can now proceed with the 
actual design, applying or not applying 
a safety factor in the flow rate and vis- 
cosity as judgment may dictate. The 
friction factor graph and formulas to 
use will also be left to judgment or 
preference. It is well to proceed in or- 
derly fashion and to calculate the total 
pumping pressure for 2 or 3 sizes of 
pipe, tabulating the results so that they 
can be quickly compared. 
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Pumps and Drivers 

The next step will be the selection 
of pumps and drivers suitable for the 
desired rate and calculated pressures 
for the different size pipe lines. A 
standby pump is usually advisable. For 
some conditions it is advantageous to 
install 3 units, each of a capacity of 
one-half the pumping rate. Centri- 
fugal* pumps are unquestionably most 
suitable for moving light oils of vis- 
cosities below say 300 Seconds Saybolt 
Universal. Whether to drive them with 
electric motors, steam turbines, diesel 
engines, or natural gas engine will 
largely depend on local conditions and 
on the availability of these power me- 
dia. Variable speed drivers as steam 
turbines or internal-combustion en- 
gines are of advantage in many pump- 
ing plants, particularly if the imme- 
diate pumping rate is considerably 
lower than the maximum rate. Under 
these conditions, it will sometimes pay 
to pump at approximately the maxi- 
mum rate, but only part time. Imme- 
diate and future conditions must be 
carefully considered in the selection of 
pumps and drivers. 


Yearly Cost of Line 

A complete estimate of cost of each 
calculated line and its pumping ma- 
chinery, together with an estimate of 
the cost of power, whatever its nature, 
will enable the engineer now to select 


the installation that will be the cheap- 
est for the number of years he expects 
to operate the system. The cost of cor- 
rosion protection, if necessary, must be 
included. The yearly operating cost 
should include: 


1. Depreciation, the rate often be- 
ing determined by company 
policy rather than by engineering 
considerations. 

Interest on the depreciated bal- 
ance, also a matter of company 
policy. 

Power cost. 

Cost of operating man power. 
Cost of maintenance and sup- 
plies. 

Insurance and taxes. 
Supervision and overhead. 

The salvage value of line and equip- 
ment after its expected operation life 
must also be considered. 

If the line is more than ten miles 
long, one of the larger size lines will 
usually be the most economical. The 
Big Inch line, for instance, (24-in. 
diam) moved 300,000 bbl of 40 API 
gravity oil per day at only 2.5 psi pres- 
sure drop per 1000 ft, the pump stations 
being spaced approximately 52 miles 
apart. A smaller line would have been 

*See “Some Problems in the Selection and 
Operation of Centrifugal Pumps for Oil and 


Gasoline Pipe Lines,” A. Hollander, ASME 
Transactions, August, 1942 


D-24 


more expensive in yearly cost because 
of the mounting power costs due to 
higher friction losses. The reader will 
recall that the pressure drop varies ap- 
proximately as the inverse ratio of the 
fifth power of the pipe diameter. A line 
of still larger than 24-in. diam was not 
chosen because pipe rolling and instal- 
lation equipment was not available. 

To illustrate the relative cost of op- 
erating larger and smaller pipe lines, 
we refer to a paper by the writer given 
in 1930 before ASME at Tulsa, Okla- 
homa, entitled “Economics of Pump- 
ing Oil at Low Friction Losses.” The 
paper is a plea for larger pipe lines. Al- 
though there exists no connection be- 
tween this paper and the design of the 
Big Inch line, the great project corrob- 
orates the paper’s arguments. In re- 
cent years other lines of large diameter 
pipe have been installed and proved 
economical. 

We call attention, too, to a paper by 
Oscar Wolfe, “Economic Design of Oil 
Pipe-Line Transportation Systems,” 
also presented before ASME in Octo- 
ber, 1930, at Tulsa, Oklahoma. 

Also see “Selection of the Most Eco- 
nomical Pipe and Valve Size and Rate 
of Flow in Piping Systems” by S. P. 
Johnson and F. L. Maker of Standard 
Oil Company of California, API Pro- 
ceedings, Section III, Refining, Vol. 21 
M (IIL) 1940. 


Design of Heavy Oil Line 

The design of a cross-country pipe 
line for heavy oil is somewhat more 
complicated. California produces large 
quantities of such oil. It must be heated 
in order to move it with reasonable effi- 
ciency. As it flows in the pipe line it 
loses heat to the surrounding earth and 
this, in turn, to the atmosphere. The 
viscosity of the oil increases and so does 
the pressure drop. 

Leaving a pump station, the flow will 
usually be turbulent, the viscosity of 
the oil being low enough to throw the 
Reynolds number of the flow condition 
to the right of the upper critical limit 
on the friction factor charts. Gradually 
the flow condition will change to that 
of unsteady turbulence, pass through 
the unsteady region and on to the left 
of the lower critical limit, where it be- 
comes streamline. 


Heat Losses 

The determination of the cooling 
rate, that is, of the temperature gradient 
of the flowing oil, constitutes that part 
of the design calculations fraught with 
the greatest possibilities of inaccuracy. 

A great deal of work has been done 
by pipe line companies operating heavy 
oil lines to establish the rate of heat 
losses under different conditions of flow 
for different soils surrounding the pipes, 
and for different weather conditions, 


both atmospheric temperature and rain- 
fall. 

The tests usually consisted of tap- 
ping the lines every mile or two, meas- 
uring the temperature of the oil and de- 
ducing the rate of heat loss from the 
temperature drops between test stations 
and for the flow rates, noting also the 
depth of cover over the pipe, type of 
soil and moisture conditions, atmos- 
pheric temperature and existence or 
nonexistence of wrapping. Most tests 
were conducted after the lines had been 
in operation for long enough periods to 
perform under conditions of heat loss 
equilibrium; that is, after the soil had 
been warmed up and the oil tempera- 
tures at each test station persisted with- 
out appreciable change. 

A few tests were made for the pur- 
pose of demonstrating the magnitude 
of the heat losses when plugging heavy 
oil through a cold pipe line. It might 
take 4 to 6 days of continuous pump- 
ing at the highest pressure the system 
can stand to reach capacity flow with a 
heavy oil. The lighter the oil, the shorter 
will be the warming-up period. 

It is beyond the scope of this article 
to discuss at length the phenomenon of 
heat flow. Mentioning its most impor- 
tant aspects, however, may help de- 
velop a measure of judgment with re- 
spect to the factors to employ in the 
calculations of heat losses from a flow- 
ing oil line. 

Heat flows from a hotter object to 
a colder one, and must overcome cer- 
tain resistances to its flow. The magni- 
tude of the total resistance depends 
upon the character of the objects, the 
distance between them and the charac- 
ter and thickness of any other sub- 
stance separating them. For a flowing 
oil pipe line the oil is the hot object, the 
atmosphere the cold one. The resist- 
ances are about as follows: 

1. Internal resistance of the oil itself 
to the flow of heat to its outer boun- 
dary, appreciable in streamline flow, 
but overcome in turbulent flow through 
across-the-stream movements of the oil 
particles. 

2. Resistance of the oil film on the 
inner wall of the pipe, thicker in 
streamline flow, reduced perhaps al- 
most to nonexistence in violently turbu- 
lent flow. 

3. Resistance of a possible dirt film 
between oil film and pipe wall. 

4. Resistance to heat flow into and 
through steel wall of the pipe, of small 
magnitude. 

5. Resistance of pipe coating, if 
present, applied for corrosion protec- 
tion, but also acting as an insulator. 

6. Resistance of a possible partial 
air space, more often on the sides of the 
pipe, made by expansion and contrac- 
tion movements of the pipe. 
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7. Resistance of soil and possibly 
that of soil surface due to a stagnant 
film of air. 

The values of resistances | to 4 have 
been determined by many tests, and em- 
pirical formulas have been developed 
for calculating them for any given set 
of conditions. The most reliable data 
are perhaps in the hands of the manu- 
facturers of heat exchange equipment. 
Data and formulas are given in many 
textbooks on heat transmission. 

Resistances 5 to 7 have not been 
thoroughly tested. Only approximate 
values are available, largely because of 
innumerable possible variations in the 
physical conditions. 

The reciprocal of the heat flow re- 
sistance value of any material is called 
coefficient of heat transfer “K,” ex- 
pressed in Btu per hour per square foot 
per degree difference in temperature 
per inch or foot of thickness. The 
values per foot of thickness are 1/12th 
as large as those per inch of thickness. 

The most exhaustive mathematical 
investigation concerning the flow of 
heat from buried pipe lines was made 
by F. L. Maker, of Standard Oil Com- 
pany of California, for an extension 
course in “The Flow of Viscous 
Fluids,’’ University of California, 
Berkeley, California, 1937. 

It is not necessary for the calcula- 
tion of the heat loss in a flowing oil 
line to determine each resistance sep- 
arately. 

The reciprocal of the sum of all re- 
sistance is the overall heat transfer co- 
efficient for the system, and the tests on 
flowing oil lines mentioned above give 
the data to evaluate this coefficient “K”. 
The following values for K are average 
values. Others may have been found 
by other investigators not mentioned. 


Source Soil Condition 


The writer 


dition of heat loss for bare lines. 


Sandy soil, dry, 24-in. cover 

Sandy soil, moist, 24-in. cover 
Sandy soil, soaked, 24-in. cover 

In river, 60-in. water, 60-in. cover 
Sandy soil, dry, 8-in. cover 

Sandy soil, moist to wet, 8-in. cover 
Clay soil, dry, 24-in. cover 

Clay soil, moist, 24-in. cover 

Clay soil, moist to wet, 24-in. cover 


at this depth represents an average air 
temperature in California. In colder 
climates the lines are laid below the 
frost line where the temperature is also 
uniform for weeks or months. It is not 
necessary to consider the diurnal varia- 
tions in the atmospheric temperatures. 
Reference is here made to “Tempera- 
ture Observations for One Year on 
Streams of Petroleum Flowing in Mid- 
Continent Oil Pipe Lines,” Bert Martin 
and W. G. Heltzel, ASME, Tulsa, 
October, 1930. 

An attempt has been made to show 
the influence of the flow conditions in 
the pipe line on the K factor, that is, to 
assign a higher factor to the sections in 
turbulent flow, reducing it as the flow 
changes to streamline. This seems un- 
necessary, for the condition and charac- 
ter of the soil controls the heat losses, 
rather than the flow conditions ex- 
pressed in the Reynolds number. The 
flow conditions, however, must be con- 
sidered if a pipe is submerged in water 
or oil, or where it is exposed to the air, 
in which case the heat may be carried 
away as fast as it reaches the outer wall 
of the pipe. 

C. N. Johnston in his paper, “Heat 
Conductivity of Soil Governs Loss 
from Heated Oil Lines,” The Petro- 
leum Engineer, October, 1937, corre- 
lates laboratory tests on the heat con- 
ductivity of different soils with field 
tests bringing out the reasons for the 
different values of the K factors tabu- 
lated above for sandy and clay, dry 
and wet soils. It is proper to state that 
clay soils are relatively better insula- 
tors than sandy soils, largely because 
air and water move more slowly 
through them. 

Which K factor then shall we use in 
our calculations? As oil must be moved 


K-Btu per sq ft per hr per deg differ- 
ence in temperature of oil and tem- 
perature of air for thickness of soil 
cover indicated 
0.25 to 0.40 
0.50 to 0.60 
1 tol3 
to 2.5 
1.6 to 0.7 
1.2 to2.4 
0.20 to 0.30 
0.40 to 0.50 
0.60 to 0.90 


These “K” (the symbol “U” might be more proper for the coefficient) values are for stable con- 


Nots—lIn recent years a California oil company has replaced some old lines, installing the new 
lines with 8 ft of cover instead of 2 ft. The deeper burial was resorted to because more and more of 
the land is used for raising various crops, some of them irrigated. With modern excavation machinery 
a deeper trench costs no more, or little more, than a shallower one. As could be expected, the deeper 
cover resulted in lower heat losses. No detailed comparative tests have been made. Theoretical cal- 
culations by the writer indicate that for a 3-ft cover an overall K factor of approximately .80 to .85 


of the value chosen for a 2-ft cover would apply. 


Although the heat of the oil is ac- 
tually lost to the air, the soil tempera- 
tures at the depth of the line below the 
surface can be used in these calcula- 
tions. Pipe lines are seldom covered 
less than 24-in. and the temperature 
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throughout the year, it will be wise to 
design the pipe line for winter heat 
losses. As previously pointed out, the 
physical conditions along the route of 
a proposed pipe line are of great im- 
portance for the selection of the proper 


K factor. If the line throughout its 
length will lie in well drained clay soils, 
a value of 0.5 to 0.6 might be satisfac- 
tory. In sandy soils, possibly submerged 
during heavy rains, the designer may 
have to use as high a value as 1.0. 
Chances are the line will be subjected 
to different conditions along its route. 
A careful field inspection and study of 
the profile are necessary, and the lo- 
cation relative to the hot end of the 
line of physical aspects, which will re- 
sult in high heat losses, must be noted. 
Where the oil is hot, heat losses will be 
caused that will adversely affect the 
flow in the whole line. An average value 
for mixed soils without flooded lows is 
0.70 to 0.75 for bare lines for winter 
conditions in California, along the 
coast where heavy rains occur. In the 
interior, where the yearly rainfall aver- 
ages only 6 in., a value of 0.5 to 0.6 
will probably be more correct. 

In clay soils the line will usually be 
protected against corrosion. A %%-in. 
to 42-in. thick wrapping of alternate ap- 
plications of asphalt and felt will re- 
duce K to perhaps 85 per cent of its 
value for a bare line, a thinner coating 
proportionally less. A cement coating 
is less effective as an insulator. 


(Part 3 will be published in an 
early issue.) 





Three NACE Regional 
Meetings Scheduled 


Technical meetings have been sched- 
uled by three of the regional divisions 
of the National Association of Cor- 
rosion Engineers this fall. All sessions 
contemplate meetings of technical com- 
mittees and presentation of formal tech- 
nical papers. Meeting dates and pro- 
grams planned are as follows: 

October 15-17. Northeast Region, 
Drake Hotel, Philadelphia, Pennsyl- 
vania. Symposia on protective coatings, 
metals and alloys, cermets and plastics 
and the use of statistical methods will 
be held. Technical committee meetings 
will be held on Monday, October 15. 

October 23-26. South Central Re- 
gion, Gunter Hotel, San Antonio, 
Texas. Symposia are planned on utili- 
ties industry, high temperatures, trans- 
portation industry, cathodic protection, 
pipe lines and oil and gas well equip- 
ment. 

November 15-16. North Central Re- 
gion, Hotel Statler, Detroit, Michigan. 
Symposia are scheduled to cover the 
automotive industry, construction in- 
dustry, chemical industry and utilities 
and power industry. 


D-25 





P 615.5 


New, simple, accurate, and inexpensive method 
can be used to determine horsepower losses 





and tell you when to recondition a pump element 


Measure Pump Efficiencies 
From 
Fivid Temperature Rises 


G. P. Jennings 


Phillips Pipe Line Company 
and 
L. P. Meade 


Phillips Petroleum Company 


O PERATING efficiency of pipe line centrifugal pumps is of 
prime importance. As the rotating element wears, the effici- 
ency decreases and the operator needs to know when the 
efficiency has dropped to the point that increased operating 
costs will justify the cost of reconditioning. With electric 
motor drives, efficiencies can be readily determined, but with 
engine driven pumps, the operator cannot easily determine 
the pump efficiency with accuracy. 

The over-all efficiency of any mechanical unit is defined as 
the ratio of work output to work input. In the case of a centri- 
fugal pump, the work output is the hydraulic horsepower of 
the pump, and the work input, or shaft horsepower, is the hy- 
draulic horsepower plus all the losses which occur within the 
pump. Therefore, if the losses can be determined, it is an easy 
matter to find the pump efficiency. 

To determine the power losses within the pump, use will be 
made of the fact that all of the losses are converted to heat, 
which in turn raises the temperature of the flowing product 
stream. For an incompressible fluid, an accurate determina- 
tion of the rise in temperature from the suction to the dis- 
charge of a pump makes possible the calculation of horse- 
power losses and efficiency in the following manner. 

(42) (2.31) QWP 
hp = . —— 

(1440) (33,000)g 
Reducing: 

.00000204 QWP 
g 


hp = 


Where: 
hp = hydraulic horsepower. 
Q = rate of flow, barrels per day at inlet conditions. 
W = weight of product, pounds per gallon at inlet condi- 
tions. 
differential pressure, pounds per square inch. 
specific gravity of product at inlet conditions. 
42QWC, 1 
(24) (2546) 
Where: 
L = horsepower losses in pump. 
W = weight of product, pounds per gallon at inlet condi- 
tions. 


Presented before Pipe Line Conference of American Petroleum Insti- 
tute’s Division of Transportation, Houston, Texas, May 14, 1956, under 
title “Determination of Pump Efficiencies from Fluid Temperature Rise.” 
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= specific heat of product, Btu per pound per degree 
fahrenheit. 
T, = temperature rise across pump, degrees fahrenheit. 


1 
hp 100 
hp + I 
Where: 


Then: 

e = efficiency, per cent. 

Unfortunately, the problem is not quite this simple for a 
petroleum product. Apart from the temperature rise caused 
by the heat equivalent of the power losses, adiabatic compres- 
sion of a hydrocarbon liquid is accompanied by certain 
thermodynamic effects which cause the temperature to rise 
far higher than can be accounted for by the heat equivalent 
of the mechanical work of compression. 

For example, the heat equivalent of the work required to 
compress motor fuel and propane to 1000 psi would cause 
temperature rises of 0.04 F and 0.2 F, respectively. The actual 
temperature rise for motor fuel is about 3.0 F, and for pro- 
pane, about 6.5 F. 

Obviously, the increase in stream temperature caused by 
compression of the flowing fluid should not be charged to in- 
efficiency, and must be subtracted from the total measured 
temperature rise, T,, across the pump to determine the tem- 
perature rise attributable to pump inefficiency. 


Temperature Rise 

To determine accurately the temperature rise due to com- 
pression, laboratory tests were made on eight hydrocarbon 
mixtures that varied in specific gravity from 0.6300 to 0.8434. 
The tests were made by quickly raising the pressure of each 
sample and measuring the temperature increase. Fortunately, 
the temperature rise was a straight line function of pressure 
rise over the experimental pressure range (0-1500 psi). The 
results of these tests at a pressure increase of 1000 psi have 
been correlated against specific gravity at 60 F (see Fig. 1). 

The temperature rise of compression varies with product 
temperature, and the data should not be used for tempera- 
tures above 110 F or below 40 F. To give an idea of the mag- 
nitude of the variation in the temperature rise with product 
temperature, isooctane (2,2,4-trimethylpentane) has a tem- 
perature rise of 3.02 F per 1000 psi at 90 F; at 60 F, the 
temperature rise is 2.97 F per 1000 psi. These data can be de- 
veloped for other temperature ranges, if necessary. 
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Changes In Gravity 
Another factor complicates the determination of the effici- 
ency of a pump handling a highly compressible product, such 
as propane or butane. The specific gravity at the discharge of 
the pump is higher than that at the inlet, due to com- 
pression of the product within the pump. When this occurs, 
use of the measured differential pressure causes the pump 
efficiency to appear higher than it actually is. A correction 
a 
— 9 


term , where a is the ratio of the increase in 


specific gravity through the pump to the specific gravity at 
the suction, can be introduced to correct for the change in 
specific gravity. 

Making the necessary corrections to equations (1), (2), 
and (3) to correct for the effects of compressibility, we can 
derive the equations necessary for determining the efficiencies 
of centrifugal pumps handling hydrocarbons or other com- 
pressible liquids. 

Since the total temperature rise across the pump must be 
corrected for the temperature rise of compression, 

- T, — T. (4) 

Where: 

net temperature rise for losses, degrees fahren- 
heit. 
total temperature rise through pump, degrees 
fahrenheit. 
temperature rise of compression, degrees fahren- 
heit (Fig. 1). 


Correcting equation (1) for the change in specific gravity 
through the pump: 


.00000204 QWP a 
= ‘aa ls 
Combining equations (2), (3), (4), and (5), and reducing: 
00000204 QWP a 
’ : i—~ 
: ( casa Sill f a ) 2 
Z , 


hp (5) 


) 
Qwc, (T, —T) )io% 
1455 


(6) 


Factoring out Q and W: 


00000208 >) bit >) 
00002044 — Mf 1 —*.} 4 ~et*s—*: 
g 2 1455 


(7) 
Multiplying by g: 


Oo 000204P(1 - ) 


--( :) 
00000204» ( l —) _ sc, 1, — T, 
2 1455 
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TEST DATA BY PHILLIPS PETROLEUM COMPANY 
ENGINEERING DEPARTMENT 


HYDROCARBON 





26 LB NATURAL GASOLINE 
13 LB NATURAL GASOLINE 


ISOOCTANE 


100 OCTANE AVIATION GASOLINE 
REFINERY BASE GASOLINE 


CRUDE OIL 
FURNACE OIL 
GAS-OIL 


TEMPERATURE ‘RISE-DEGREES F PER 1000 PSI 


-60 65 


SP. GR. 


-6300 
-6508 
6962 
7014 
.7249 
8150 
.8250 
8434 


°F/1000 PSI 


4,23 
3.75 
3.02 
3.27 
2.93 
2.06 
2.00 
1.87 





.70 75 


SPECIFIC GRAVITY 


FIG. 1. 
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Temperature rise of adiabatic compression. 





Which reduces to: 


P 
336.6 gC, (1, — ™)i00 


eens) 


It should be noted that the pumping rate Q factors out and 
is therefore not needed to determine the pump efficiency. This 
is quite fortunate because it is often difficult to obtain the 
exact rate at the time of the test. 

Although it complicates the equations somewhat, the ex- 


pression 


a ‘ . ¢ 
1— >is retained throughout the derivation for 


the sake of accuracy. As noted above, the term has consider- 
able significance for highly compressible fluids, such as pro- 
pane and butane, but may be ignored for motor fuels and 
heavier hydrocarbons. The examples presented later ignore 
this term. 

The specific heat of the liquid, C,, can be found from Fig. 
2, which was prepared from correlations of experimental data. 
One should always use the mean temperature of the liquid 
in the pump in determining the specific heat. The API gravity 
shown in Fig. 2, however, should be that at 60 F. 

The most difficult and critical part of the procedure is to de- 
termine the exact temperature rise oi the product through the 
pump. Thermometer wells can be installed in the piping on 
the intake and discharge sides of the pump and filled with oil. 
A glass stem thermometer with 0.1 F divisions can be used, 
and read to .05 F. Only one thermometer should be used, mov- 
ing it from one well to the other after reading, in order to can- 
cel any errors due to step correction, etc., as one is primarily 
interested only in the temperature difference. 

With a large capacity, low head pump the net temperature 
rise, T,, may be only | F and thus a .05 error in reading the 


temperature rise will result in about | per cent error in effici- 
ency. However, with a low capacity, high head pump the net 


temperature rise, 7,, may be 5 F and a .OS F temperature 
_error will cause an error in efficiency of only about 0.2 per 
cent. 

A typical efficiency test of a new pump follows: 


Field data: 
Product 
Gravity, at 60 F. 
Pumping rate 


Pump differential 
pressure 


Intake temperature 
Discharge temperature 


12 lb natural gasoline. 
84.2 deg API or 6560 specific gravity 
28,464 bbi per day 


1207 psi 
87.55 F 


Temperature rise 7.45 } 


Calculations: 
1. Temperature correction for compressibility: 
T, = 743 F. 
From Fig. 1, T, = 3.70 F per 1000 psi. 
T, = (3.70) (1.207) = 4.46 F. 
r - r,, = 7.45 — 4.46 


2.99 F net rise. 
2. Pump efficiency: 
1207 


- = 77.8 per cent. 
; (336.6) (.6458) (.531) (2.99) Percent 


1207 

The manufacturer's pump curve showed the efficiency at 
this rate to be 77.0 per cent. 

Usually no allowance need be made for the heat loss from 
the bearings. With a 300-hp ball-bearing pump this is only 
about '2-hp for both bearings. Furthermore, if the bearings 
are cooled with the product pumped, the heat loss is ac- 
counted for in the calculation. 

The heat loss from the pump case even in winter weather 
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FIG. 2. Specific heat of petroleum products. 


is negligible. During the summer there may be a slight gain 
from the atmosphere, but this is also negligible. 

Numerous tests have proven the accuracy of the method. 
A 400-hp electric motor-driven pump was checked by the 
temperature method on No. 2 distillate and premium gaso- 
line and found to be below the manufacturer’s rated efficiency 
by 9.5 per cent and 10.7 per cent, respectively. It was then 
checked with a watt hour meter and found to be 9.2 per cent 
low. The element was inspected and the first stage was found 
to be badly damaged by some foreign particles. A new ele- 
ment was installed and the efficiency again checked by the 
temperature method on housebrand gasoline and found to be 
0.7 per cent above the rated efficiency. 

A new 800-hp engine-driven pump was checked when in- 
stalled and found to have an efficiency of 0.8 per cent above 
the manufacturer’s rating. 

Several 300-hp engine-driven pumps were checked and the 
efficiency found to be 3 to 5 per cent low. A routine impeller 
change brought the efficiency up to the manufacturer's rating 
or slightly above. 


Acknowledgment 
This discussion was presented at the 7th annual API spring 
pipe line conference, Houston, Texas, 1956. 
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Schematic drawing of rectifier type cathodic protection system. 


ANODES OR RECTIFIERS? 


Type of protection needed plus 


Wayne A. Johnson 


Corrosion Rectifying Company 
Houston, Texas 


WHEN to use rectifiers or a galvanic 
anode system for protecting buried me- 
tallic structures? This decision should 
be made on the basis of information ob- 
tained during a preliminary type sur- 
vey and study of the lines under con- 
sideration. When all factors are known, 
an idea of the initial cost and subse- 
quent operating expense may then be 
gained. 

Galvanic anodes (magnesium, zinc, 
or aluminum) have certain distinct 
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cost of operation and instal- 


lation are determining factors 


features: 

(1) Low driving voltage; 

(2) Ease of installation; 

(3) Inexpensive type protection for 

“hot-spots”; 

(4) No external source of electric 

power is required, 

The greatest single disadvantage is 
the comparatively low cathodic current 
produced by galvanic anodes, which 
means, of course, that many of them 


must be used to obtain large amounts 
of current. 

The rectifier is merely a means of 
converting alternating current to direct 
current for application to buried pipe 
lines. Rectifiers have several distinct 
features: 


(1) Provide large amounts of cur- 
rent, thus protect considerable 
lengths of lines; 


(2) Flexible adjustment of current 
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is the most economical. Then all that 
remains is to see that the system is in- 
stalled as it was designed. 


¢ {See Beta) 4° x 36" “Hot Spot’’ Problems 
CROUSE HINDS JUNCTION GUA 26 Many galvanic anodes are used at 
so-called “hot-spots”, places where 
leaks occur persistently such as salt 
flats, creek crossings, ditches, etc. Let 
us figure how many anodes will be re- 
quired to protect a specific length of 
line in such a location. 
CASE NO. 1 
Line 4” OD 


Length = 500 ft 
Soil 1000 ohms/cu cm 





CONNECTION 


© Lia tw, WHITE 





4x 3.14 


3 500 523 sq ft 


pipe area 


523 sq ft x 1 milliamp 
523 milliamps required 
523 


5.23 anodes required 
100 


Thus five or six anodes, one each 100 
ft of pipe, will provide the desired pro- 
tection. It is obvious that at a creek 
crossing of 50 to 75 ft length one anode 
probably would suffice. 


CASE NO. 2 
Line 4” OD 
Length = 500 ft 
Soil 2000 ohms 

3.14 


l » 











CREOSOTED POST 4°36 


500 = 523 sq ft 

Schematic drawing of Sd ; 523 x 1 milliamp=523 milliamps 
i 523 

oaiventc anode - 10.46 anodes required 

type protection. 50 


Thus if the soil electrical resistance 


output by use of transformer 
tap changing device or rheostat; 

(3) Offer “visible” protection inas- 
much as the units are always in 
view, and also may have volt- 
meter and ammeter for determ- 
ining output. 


Disadvantages of rectifiers are that 
they require a-c electric power for op- 
eration and thus must be located near 
such a facility; also, the electric power 
bill for a rectifier might cost from $2.00 
to $50.00 per month, depending princi- 
pally on its d-c electrical rating. 

In deciding whether to use anodes or 
rectifiers, one should know the length 
of the line to be protected, its outside 
diameter, the relative degree of effec- 
tiveness of its coating if any, the cor- 
rosivity of the soil, and other lesser 
important conditions. With such infor- 
mation in hand, it is possible to design 30 «(40 60 80 100 200 
the protective system. Figuring the 


cost of both systems will indicate which ANODE CURRENT, MILLIAMPERES 


Anode current 
plotted against 
soil resistivity. 


SOIL RESISTIVITY, OHM-CM 
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is twice what it was in Case No. | it 
will be necessary to install twice the 
number of anodes as in Case No. 1. 
There are a number of various sizes 
and shapes of anodes available and it 
is possible to obtain greater current out- 
put by using certain of these non- 
standard type anodes. However, infor- 
mation covering anode outputs for 


Oil immersed type 
rectifier. 


Air cooled pole mounted 
rectifier. 
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other than standard sizes must be ob- 
tained from the manufacturer. 

It is apparent from the above two 
examples that one milliampere of cur- 
rent was used as the criterion of pro- 
tection on bare lines when magnesium 
anodes were applied. In the case where 
a line is coated with a pipe line enamel 
of 50 per cent effectiveness, it is pos- 
sible to achieve protection with ap- 
proximately one-half the current that 
would be required by a bare line. Such 
variations in design must be consid- 
ered by the man making the instal- 
lation. 

The design and installation of a rec- 
tifier system is considerably more com- 
plex than the use of magnesium anodes. 
Failure to incorporate proper design 
and installation features in such a sys- 
tem might easily result in 100 per cent 
over-expenditure with less than the de- 
sired protection being achieved. Com- 
plete breakdown of a poorly designed 
rectifier system has been the result in 
many such cases. 

When using a rectifier, the cathodic 
current requirements for bare pipe are 
usually calculated at 3 milliamperes per 
square foot of metal to be protected 
rather than the 1 milliampere when us- 
ing magnesium or zinc anodes. This is 
because the less effective current dis- 
tribution of the rectifier system results 
in a greater proportion of current be- 
ing absorbed near the rectifier with a 
lessening or “tapering-off” of protec- 
tion in both directions from the unit. 
The average size rectifier is capable of 
protecting many miles of buried pipe, 
whereas a magnesium anode may pro- 
tect only a few feet. 
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Rectifier Protection Design 
Problem 
Line 8” OD 
Length 5 miles 
Coating = None 
8 x 3.14 
12 
58,400 x 3 milliamps = 175 amperes 
Thus, a total of 175 amperes of rec- 
tifier current are required to protect the 
line. As a rectifier of this size would be 
quite bulky it would be better design to 
use two 90 amp or three 60 amp recti- 
fiers installed at chosen locations along 
the line. ** 


5280 x 5=58,400 sq ft 





*I TOLD yOu THIS WASNT A CAVE WHEN WE CRAWLED IN HERE! ~ 
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Close-up of packer and stuffing box. 


Faced with the problem of replacing valve installation piping at 
83 locations, Texas Illinois engineers adopted a common oil field 


device to save | billion cu ft of gas and months of time in... 


The Case of the “Packed 


David C. Palm 


General Superintendent of Pipe Lines, 

Texas Illinois Natural Gas Pipeline Company 
and Natural Gas Pipeline Company of 
America, Chicago, Illinois 


RECENT efforts by field pipe line 
personnel beyond those of the normal 
“call-of-duty” variety have kept nat- 
ural gas flowing uninterruptedly to 
markets of Texas Illinois Natural Gas 
Pipeline Company. 

In the early period of operation of 
Texas Illinois’ 30-in. line from the 
Texas Gulf Coast to the Chicago mar- 
ket area, some control piping welds 
cracked at various automatic valve 
locations. 

The situation was serious because of 
the cracks’ locations—in the piping on 
the main line side of the 2-in. tap valve. 
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Trouble came about because some 
high alloy pipe had inadvertently been 
substituted by a jobber for heavy- 
walled Grade B seamless pipe. A com- 
plete chemical analysis of this material 
showed .43 per cent nickel, .51 per 
cent chromium, .52 per cent carbon, 
and .21 per cent molybdenum. 

The first’ step was to identify all 
valve installations containing high 
alloy pipe. 

Following a complete investigation 
of various procedures, methods, and 
equipment suitable for accurate iden- 
tification of different grades of steel 
pipe, it was concluded that the Rock- 
well hardness test method would pro- 
vide accurate results. 

Technical crews immediately went 
ahead with the tests and produced re- 
liable data showing what piping had 
to be removed. 


Packer over blowoff ready to lower. 


P 625.4 


Up” Troubles! 


On a small-scale operation, the line 
could be shut out and blown down at 
each valve where remedial work was 
necessary. 

But this was no small-scale opera- 
tion. In this program, there were 83 
valve control piping connections to 
replace at as many valve installations 

Shutouts would have been extremely 
costly in loss of gas and even more so 
in the long disruption of service. 

Consequently, adapting an oil well 
packer to effect a shutoff seemed fea- 
sible and safe. The packer is a common 
device used in oil and gas wells. 

With the assistance of the manu- 
facturer of the packer, company engi- 
neers designed the device. 

To be inserted through the blowoff 
valve, it would completely seal the 
8-in. blowoff pipe at a point below the 
condemned alloy pipe connection. It 
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Stuffing box and yoke with the packer set. a 


Welding on 8-in. riser of blowoff connection. Packer i 
is set below welding location and holds back 858 psi 


of gas. 


would be removable for re-use and de- 
signed with a substantial safety factor. 

The packer, similar to a regular oil 
field packer, was 7 in. in diameter 
for the 8-in. pipe. It was built to set 
on the bottom of the main line with 
the bottom of the rubber packing ele- 
ment 2 in. abo tae boitom of the 
blowoff connection at the top of the 
main line pipe. 

The rubber packing element was 
9% in. in length. Above the rubber 
was the packer head with a swivel 


Reaes 
es. 
ne a 
pnt 


>. 2 a “ttn 


joint connected to a 2-in. diameter 
polish rod. 

The polish rod, about 10 ft long, 
extended through the blowoff and by- 
pass spool extensions of various 
lengths for different valve blowoffs, 
and a flanged stuffing box. 

The rod terminated in an actuating 
screw that was contained in a heavy 
nut built into a yoke similar to that 
on a rising stem gate valve. 

Mechanical means were provided 
for forcing the packer into the pipe 


Final positioning and setting of packer. 
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against the pressure of the pipe line 
side of the polish rod. Expanding the 
packer completed the seai 

The equipment was thoroughly 
tested in the field on piping fabricated 
to simulate the blowoffs at the maine 
line valves. 

The tests were entirely satisfactory 
with only a few minor changes neces- 
sary. A procedure was developed as a 
guide to the work on the pipe line 

When the equipment was taken to 
the field, it worked satisfactorily from 
the outset. However, ingenuity, re- 
sourcefulness, and extreme caution on 
the part of the personnel were of major 
importance. 

None of the jobs were exactly alike 
The alignment of various parts welded 
together to form the blowoff and by- 
pass, the alignment of spools, the slope 
of the valve installations, projections 
inside the pipe such as welding icicles 
or heavy welding beads, the position 
of the packer at the bottom of the 
blowoff — all these conditions varied 
from valve to valve 

With a small amount of water above 
the expanded packer for cooling, the 
blowoff connections were blown free 
of gas pressure. 

Cutting out defective piping and 
welding in the new connections pro- 
ceeded without incident 

It was estimated that the gas saved 
in avoiding blowing down the line for 
these jobs was about a billion cubic 
feet. It is certain that 83 main line 
shutouts would have disrupted gas de 
liveries for months. zx** 
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PIPE LINE 
COMMUNICATION & CONTROL 


A communications man advises 
his contemporaries on buying 


communications systems. 


P 615.365.1 


Buy Only The Best 


F. Vinton Long 


Chief, Communications Section, 
Engineering Department. 

Texas Eastern Transmission Corporation 
Shreverort, Louisiane 


| MAGINE, if you will, a communica- 
tions man specifying a pipe line system. 
Silly as it might sound — and he prob- 
ably would be fired for even thinking 
about it —it might be interesting to 
consider a hypothetical case: 

A pipe line is to be built from Dal- 
las, Texas, to Hollywood, California. 
It is to carry 250,000 bbl per day; 
the size of the pipe is to be decided 
by the bidder. The least expensive 
line possible is desired. 

No consideration is to be given to 
the size of the pipe, the wall thick- 
ness, the type of coating — if any — 
and it is of no concern if the line is 
buried, laid above the ground, strung 
from poles, or what have you. 

A cheap line is wanted. 

The supplier isn’t to be bothered 
with internal flow resistance; pump 
station location doesn’t matter; and 
fuel or power costs are of no con- 
cern. 

Just a cheap pipe line. The sup- 
plier is asked only to bid on a “pipe 
line.” Nothing more. 

By shopping around, eventually a 
supplier can be found to supply this 
“cheap pipe line” and after supply- 
ing it, his responsibility ends. 

Maintenance will be no problem, 
because the buying company has an 
unlimited quantity of maintenance 
men, on an unlimited operating bud- 
get, and it won't matter if the pipe 
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Rugged, simple radio communications 
equipment can't be bought on a “price 
alone" basis, if satisfaction and payout are 


desired 


line operates two days or five days a 
week. The only thing desired is a 
cheap job. 

Do you think it would be possible to 
specify the purchase of a pipe line in 
words such as these? Do you think any 
management would allow such an invi- 
tation to bid as this to go out to 
supplier? 

The answer, of course, is “No.” 

You cannot operate that way in the 
design of a pipe line. It wouldn’t pay. 
No company could afford to do it that 
way and stay in business. 

But many communications men to- 
day are using the “buy it cheap” philo- 
sophy when putting out bids for a com- 
munications system. And they do that 
whenever they ask for bids on mobile 
units, microwave systems, forward 
scattering, and even carrier equipment. 

Many of us are guilty — many of us 
have done it—of considering com- 
munications purely from the initial cost 
angle. 

“Let’s get the cheapest system we can 
get, at the lowest price, get the job 
done, turn it on, and then we'll for- 
get it.” 


You can’t forget it. 

It is disturbing that communications 
systems are purchased on “price alone” 
philosophy. Maybe it is because we 
aren't interested. Or possibly we feel 
that communications is just a neces- 


sary evil for the transmission of intelli- 
gence to help operate a pipe line. There 
are many reasons why communica- 
tions systems are bought that way, but 
the main reason is this: 

COMPETITION! 
summed up in one word. 

The competition is from the com- 
mon carriers. They are ready and will- 
ing to supply communications facilities 
and we cannot deny that they can give 
good service. 

The cold fact is that, especially with 
a microwave system, the common car- 
riers can provide one or two channels 
at less cost than we can build and main- 
tain our own systems. 

So, in order to bring the cost down 
to compete with them, the initial in- 
vestment must be reduced with a cor- 
responding reduction in fixed charges. 
The result is that the initial cost is less, 
but the reliability desired has not been 
obtained. 

One might as well accept the fact 
that if only limited communications 
facilities or a few microwave channels 
were required, the common carriers 
could supply it cheaper. With require- 
ments for several channels, and a break- 
over point of four or five, then it is 
economical to use private facilities and 
the specification and installation of the 
highest quality equipment is justified. 

Either have a good private system or 
none at all. 


That’s it— 
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Management must be impressed that, 
like buying a horse or acquiring a wife, 
it’s not the initial investment but the 
upkeep that hurts sometimes. 


It’s the upkeep. 

When a communications system is 
bought, it is not something that can be 
paid for and forgotten. For better or 
worse, you're stuck with it. With this 
in mind consider that the initial invest- 
ment is the smallest part of the system 


cost. It’s the maintenance, the up-keep, 
and the reliability that are important. 

Take another look at your private 
communications system specifications. 
Either have a good one or none at all. 

What are some of the things that 
can be done? The first thing is to make 
it simple. Eliminate the gadgets. 

In the case of microwave systems, 
is money saved by trying to use 50 per 
cent radio standby units? You just think 
you save it. Because one spare trans- 


A Simplified Communications System 





would look like this, says author. .. 
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Transmitting “Black Box" 
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Receiving ‘Black Box" 














Typical collection of 
Gadgetry for a simplified system 
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Heart of the suggested 
simplified system are these 
little black boxes — an east 
box and a west box — for 
transmitting and receiving. 


All ra the a would be 
simple, rugged, plug-in type 
units. They would be sealed in 
some manner and would not 
be repaired in the field. The 
maintenance man would 
merely have several spare 
units on the appropriate fre- 

uencies and “ would carry 
these in his car and if a box 
needed servicing, he would 
swap it for a good one. 


Simple and reliable . . . 
(Note the contents of the 
adjacent square showing 
what gadgetry is needed: 
NOTHING.) 


mitter and one spare receiver are elimi- 
nated, each of which possibly cost a 
$1000 or $2000 at the $25,000 micro- 
wave repeater station, it is necessary 
to have gadgets upon gadgets to make 
the switch-over effective. Either have 
100 per cent standby — working stand- 
bys — or else have none at all. 

With a working standby transmitter, 
both transmitters can operate simul- 
taneously from the same modulation 
intelligence. Either transmitter can 
carry the load under favorable condi- 
tions and the probability of a trans- 
mitter failure while the atmospheric 
conditions are erratic is slight. Main- 
tenance functions on one transmitter 
can be performed while the other one is 
carrying the message load. The same 
thing applies for receivers. With two re- 
ceivers— one will be a standby re- 
ceiver anyway — you can have one re- 
ceiver for standby in each direction. 
By making that receiver work and keep- 
ing it working, you will have diversity 
And that helps. 

During good conditions, one receiver 
can be shut down and maintained with- 
out affecting the circuit path, and you 
come nearer the goal of 100 per cent 
performance. Instead of placing money 
in switching gadgets, of doubtful qual- 
ity, put it in high quality transmitters 
and high quality receivers that will 
keep perking year in and year out with 
a minimum of maintenance. 

There is the tendency, today to try to 
cut costs by gadgets that do double 
duty, instead of simple reliable com- 
ponents to do single duties and do them 
well. 

How should you provide prime 
power for these radio sets, especially 
microwave transmitters and receivers? 
The cycle has been completed. The 
cycle of invention or the cycle of ex- 
perience has now shown us that pos- 
sibly it is better to return to the old 
standby of storage batteries, or battery 
power supply, rather than to rely on 
more gadgets to turn on gasoline power 
driven standby generators in the event 
the main power does fail. 

“But you have to change batteries,” 
you say. True—unless you buy a nickel- 
cadmium or other long life type bat- 
tery — but you can pretty well judge 
the life of a battery. It may be in serv- 
ice 6 months or 12 months. You can 
tell how long the battery will perform 
and you can change it at appropriate 
times. Batteries aren't too expensive 
and they provide reliable power. And 
they eliminate the gadgets. More will 
be spent possibly on the initial invest 
ment with this arrangement, but ten 
years from now it will never be missed, 
and the cost will have been saved many 
times over in maintenance costs. 

Sometimes communications systems 
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From the Cooper-Bessemer Album... 


today and thirty-six years past... 


TRANSMISSION - STORAGE 
DISTRIBUTION - GENERATION 


for The Peoples Gas Light and Coke System 
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at Lower Cost 
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are engineered to save money. For ex- 
ample, microwave. Manufacturers 


sometimes are forced to extend the dis- 
stances of the repeater stations to an ex- 
cessive extent to save us money. 

To save on the initial investment, 
they extend the repeater stations to 
such a distance or cut down the an- 
tenna output power to such a point that 
the fade margin may be legaliy ac- 
ceptable on the existing specifications, 
but it is not acceptable for continuous 
communications. There just isn't 
enough fade margin in most commer- 
cial microwave installations today. In 
some cases the manufacturers and en- 
gineers of the using company realize 
what the problem is and do not skimp 
on fade margin. 

The power supply to give plate volt- 
ages and other DC voltages for com- 
munications equipment, particularly in 
microwave systems, in many cases has 
been reduced to meet a price bid often 
to such a marginal basis that it is a 
wonder they percolate at all. 

The tubes run red hot, the trans- 
formers are warm or hot, they provide 
just enough to make the system work 
under ideal conditions and that is all. 
If the ambient temperature goes up, or 
the AC supply voltage goes up, it 
doesn’t work. 





Pipeline 
Cleaner 


for BETTER cleaning of 
CRUDE LINES 
PRODUC? LINES 

NATURAL GAS LINES 


FOR DETAILS WRITE 


Pipeline Cleaners Co. 


Fort Madison, lowe 
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There are cases in which it is neces- 
sary to engineer for a maximum output 
for a minimum input, but you will find 
that in almost every case that engineer- 
ing is set up for some specific basis, 
possibly military equipment which is 
expendable, or for missiles or aircraft 
use where minimum weight is re- 
quired. Most of those systems are not 
engineered to work day in and day out 
with the minimum of maintenance such 
as commercial operations require. We 
are concerned about what a system will 
cost per year, for ten years or twenty 
years, and this is not the problem of a 
military installation. 


Here are some of the things that can 
be done. Take as much time to engi- 
neer out the ten-year cost of a com- 
munications system as we would for 
a pipe line. 

It is easy to blame the manufacturers 
... We might say that they give us a 
pile of junk, AC/DC receivers, resistors 
that are undersized, tubes that are over- 
worked. The material looks like it came 
from some department store in a Mon- 
day morning fire sale. 

But we can’t blame that on the man- 
ufacturers because it is not their fault. 
Then we find ourselves asking, “just 
whose fault is it?” Who is to blame? 
Who is guilty? 


Gentlemen, we communications men 
are guilty. No one else. 

Guilty because we permit this ma- 
terial to be purchased on a price basis. 
On price alone. The manufacturers 
know that they must compete on price 
and price alone so the equipment qual- 
ity sometimes deteriorates to the point 
where even the suppliers are ashamed 
of it. They hate to put it on the market 
but they say, “What can we do? It's 
bought on price only.” Initial cost, 
that’s it. 

So we come back to us. If we are to 
blame, what do we do now? What is 
our objective? Here’s what our objec- 
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NOTICE: 


No change except the 
corporate name. We 
still have the same 
ownership, same 
management, same 
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address, same telephone, and use the same 45 years of experience 
to render the same service under the same trade name-——“*PELCO."’ 


tive should be. We should accept 
the fact that we have the responsi- 
bility to convey and explain to our 
managements our knowledge that we 
cannot buy a cheap communications 
system which will stay put. We have to 
give our views to management, and it 
may go up to our Board of Directors, 
and the President of our companies 
as well as to our Purchasing Depart- 
ments and our Chief Engineers. We will 
have to show them that there is more 
to the problem than price alone. 


That is our responsibility. 

When we do that, it will raise the 
level of the equipment that our manu- 
facturers are eager to build. They can 
do it. They have the facilities, they have 
the engineers. And the engineers want 
to build the best thing they can build, 
if we just give them the chance to build 
it. We should write our specifications. 
We should tell the manufacturers 
what we want; we should insist on 
specifications equal to or better than 
JAN (Joint Army-Navy). We should 
insist on tubes that are under worked 
and on resistors and condensors of the 
highest quality. Of course, it may cost 
more initially, but not over a period 
of ten years. 

We should encourage the manufac- 
turers to simplify the equipment... 
by increasing the quality they can 
thus simplify the equipment .. . that’s 
all there is to it. Simplification through 
increase in quality. 

That means transistors in some cases. 
It means battery operation in other 
cases. It means that even though we 
have to go to higher power sometimes, 
and higher cost to eliminate the gad- 
getry; to more expensive tubes, con- 
densers, resistors, and transformers; it 
can be justified if we look ahead. It is 
our duty to write these specifications 
so we have quality from all bidders. It 
is also our responsibility to convince 
management that this is right. * * * 








Welding Saddles 








PELICAN SUPPLY CO. INC. 


P. O. Drawer 1108 Shreveport (84), Lo. 
SEE YOUR NEAREST SUPPLY HOUSE 





(Formerly: Pelican Well Tool & Supply Company) 
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Microwave System Planning 


P 615.365. 


A graphical approach to simplified point-to-point system planning 


Lee Elmore, 


Collins Radio Company 





ABOUT PART 5 OF THE SERIES 


This article on Propagation Path 
Planning concludes the 2-part cov- 
erage of microwave propagation. A 
full-page PATH PLANNING 
GRAPH is presented to graphically 
depict the effects of atmospheric re- 
fraction, terrain reflections and dif- 
fraction in terms of received signal 
strength. 

The series got off to an earthy 
start by outlining a method of sys- 
tems planning in Part 1, summariz- 
ing microwave survey techniques in 
Part 2, and covering criteria for site 
selection in Part 3. Part 4 and 5 
have gotten “up in the air” to cover 
propagation and path planning. Be- 
ginning with Part 6 we will return 
to earth and get into the equipment 
aspects of systems. 

Microwave links, channeling, and 
special equipment provisions will 
be treated in terms of point-to-point 
system performance. As an air in 
selecting equipment to match speci- 
fic paths and fulfill the user’s opera- 
tional requirements, full page plan- 
ning graphs will be presented to de- 
pict overall system performance in 
quantitative terms — db’s, per cent 
reliability, and dollars. 
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Terrain Reflections 


THE extent of reflections from the 
earth and their effect on the received 
signal strength are dependent upon the 
type of terrain, path geometry and, to 
a lesser extent, polarization. 

The strength of the reflected signal 
depends upon the reflection coefficient 
and roughness of the surface, the graz- 
ing angle of the beam, the polarization 
of the radiated wave, and the masking 
effect of path obstacles. 


Reflection Coefficient 

The reflection coefficient is the ratio 
of the reflected signal to the incident 
signal. This coefficient is a function of 
the angle of incidence, the type of 
polarization, and the complex relative 
dielectric constant of the surface. 

The reflection coefficient can be cal- 
culated from the generalized Fresnel 
formulas for electromagnetic reflection 
from a plane dielectric surface. The 
calculations are tedious and their value 
is limited, since the surface is seldom a 
smooth plane and the earth constants 
are not readily determined. 

For typical microwave paths in 
which the angle of incidence or grazing 
angle, ¥, is very small, the reflection 
coefficients fall into two general cata- 
gories: 

(a) Over-water or smooth, highly 

reflective paths, in which the 
reflection coefficient is approxi- 
mately unity, 
Over-land or rough, non-reflec- 
tive paths, for which the reflec 
tion coefficient is a relatively 
small value between 0.2 and 
zero. 


Roughness 

The nature of reflection depends 
upon the roughness of the surface. If 
the surface is smooth, reflections are 
specular (analogous to light reflection 
in a mirror), The reflected energy is 
equal to the incident energy, less the 
amount of any absorption by the earth 
The reflected signal strength is also 
slightly reduced by the divergence of 
rays from a spherical earth surface 

If the surface is rough, reflections 
are diffuse (analogous to scattering of 
light by a dull white material). The re 
flected energy is then scattered in all 
directions, and the relative strength of 
the reflected wave at the receiver is 
negligible. 

Rayleigh’s criterion for roughness 
classifies as rough all irregularities ex 
ceeding 

A 
lo¥ 
Where: 
H is the height of the irregularities 
A is wave length and 
¥ is grazing angle in degrees, with 
H and A in meters 


From this criterion we see that rela 
tively small irregularities may look 
rough at the higher bands and produce 
reflections at the lower bands 


Polarization 

The polarization of the microwave 
radiation is of major consequence only 
for over-water paths or when the graz- 
ing angle is relatively large 

For small grazing angles, which are 
typical of microwave transmission 


D-39 





HELPING YOU CUT THE STAGGERING COST OF 


CORROSION 


IS KOPPERS BUSINESS 


Corrosion will cost American industry more than 
seven billion dollars this year! And many more 
billions of dollars worth of capital equipment will 
be corroded away in the years to come. To help 
cut this enormous, and largely needless, waste is 
an important part of Koppers business. 

As the world’s leading producer of coal tar base 
enamels and coatings, we have devoted many years 
and many man-hours of laboratory research and 
field work to the problem of preventing corrosion. 
Probably we have within our extensive organization 
more useful knowledge and experience in corrosion 
prevention than exists in any other single place. To 


put that knowledge and experience at your disposal 
in cutting your corrosion costs, we are initiating a 
series of informal reports. The first of the series 
appears at the right. 

We hope you'll find these reports on “How to 
Cut Corrosion Losses” both interesting and help- 
ful. To make them so, we'd like to know about 
your corrosion problems—especially the unusually 
difficult ones. 

Write: Koppers Company, Inc., 1301 Koppers 
Building, Dept. 105G, Pittsburgh, Pa. District 
Offices: Boston, Chicago, Los Angeles, New York, 
Pittsburgh and Woodward, Ala. 


Only Koppers Makes Bitumastic 





COATINGS 


ITUMASTIC 


REG. U.S. PAT. OFF. 


AND ENAMELS 
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how to 


CUT CORROSION LOSSES 


a report by Koppers Company, Inc. 





Although corrosion losses are never listed 
on a profit and loss statement, they repre- 
sent a considerable—and often unnecessary 
—loss to every industry. Preventing this loss 
is a big part of our business as the world’s 
leading producer of coal tar base enamels 
and coatings. 
. * > 


Many times every week we get a phone call, 

wire or letter asking the same, often harried, 

W. €. Kemp, question: “Can you help me with this cor- 

Manager of the Technical Dept. rosion problem . . . ?” In most cases, we car 

help, and are most happy to do so. In fact, our Coal Tar Technical 
Department is designed to facilitate such help. 

Basically, we have two groups within the Technical Department—the 
Development Group and the Technical Service Group. They are both 
headquartered at Verona, Pa., in a new building with the latest facilities 
for laboratory work and pilot plant operations. This building also houses 
the Quality Control staff of the Tar Products Division. These ten chem- 
ists cross-check the quality control operations of each plant. 

Our Development Group consists of a General Supervisor, Mr. 
Frank Charlton, and two project leaders who supervise the activities of 
nine chemists and engineers. They work constantly to up-grade the effec- 
tiveness of Bitumastic coatings and to develop new coal tar coatings 

Our Technical Service Group, supervised by Mr. C. U. Pittman, also 
includes two project leaders and four laboratory workers. These men 
work in close liaison with our customers, distributors and sales engineers 
to help them specify the best coating and the most economical applica- 
tion for the job. 

We also retain the services of two widely-known coating and corro- 
sion scientists: Dr. W. F. Fair, Jr. and Mr. R. C. Stromquist. Both of 
these men—and each member of the Technical Department supervisory 
staff—have had more than 20 years’ experience in the bituminous coat- 
ing field. Dr. Fair and Mr. Stromquist work with all departments and, 
through first-hand field experience in their extensive travel, alert us to 
customer needs for new or modified protective coatings. 


* * . 


Naturally, many of our technical personnel participate quite actively 
in industrial and technical organizations. One of our coatings consultants, 
Dr. W. F. Fair, Jr., actually is serving full time this year as president of 
the National Association of Corrosion Engineers. Altogether, 70% of 
our men are members of scientific and technical societies. They partici- 
pate actively on committees working on industry-wide problems. 

In future columns, we plan to report to you on specific corrosion 
problems in such industries as steel, gas, petroleum, water supply and 
sewage and industrial wastes. In the meantime, we'd like to hear about 
your problems. Write to Koppers Company, Inc., 1301 Koppers Build- 
ing, Dept. 105G, Pittsburgh, Pa. 


COATINGS AND ENAMELS 
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there is very little difference between 
reflective properties of horizontally 
polarized waves and vertically polar- 
ized waves in over-land paths such as 
illustrated in Fig. 1. 

The polarization has a pronounced 
effect on reflection from water. At a 
particular angle, called the pseudo- 
Brewster angle, the reflection coeffi- 
cient for vertical polarization goes to 
a minimum as shown in Fig. 2. Hori- 
zontally polarized waves exhibit a uni- 
form reflection coefficient of almost 
unity. As the grazing angle reduces 
to zero, both horizontally and vertically 
polarized waves exhibit unity reflection. 


Path Geometry 

The relation between path length, 
reflection point, tower heights and graz- 
ing angle are shown in Fig. 3. The 
location of the reflection point is con- 
trolled by the profile and relative tower 
heights. The sites and tower heights 
should be selected to position the re- 
flection point in a non-reflective area. 

It is sometimes possible to juggle 
tower heights and sites to take advan- 
tage of the terrain profile or obstruc- 
tions to mask a reflective surface. The 
reflected wave path should be blocked 
between one antenna and the reflection 
point. In the absence of obstructions, a 
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Cathodic 
Service, 


Protection, 
Construction 


and Engineering 


It takes QUALITY if you're going the 


cathodic 
AN-SPE 


rotection route against corrosion. 
is the top quality magnesium 


anode — it’s spectrographically analyzed . . . 
high purity guaranteed. And Pipe Line 
Anode Corporation offers every service — 
by most experienced personnel — to give 
you quality-controlled cathodic protection. 
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Westinghouse Rectifiers 
Anaconda CP Cable 

Agra Test Instruments 
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. lL. Reflection coefficients for 
typical overland paths A = horizontal 
and O = vertical polarization. 


high-to-low tower arrangement may be 
employed to reduce the reflections. 

The location of the reflection point 
can be determined analytically or 
graphically, the latter being simpler 
than the quadratic equations involved 
in a spherical earth. The location is de- 
termined from a profile chart by con- 
structing tangent lines to “trial” reflec- 
tion points and shifting the point until 
¥,=¥,. 


Propagation Over Smooth Earth 

Propagation of microwave signals 
over a smooth sphere is typical of trans- 
mission over highly reflective paths 
such as calm water, barren desert or 
dense ground fogs. Strong specular re- 
flection causes the reflected signal to 
equal the direct signal. These two com- 
ponents of received signal will be in 
phase cancellation or phase addition, 
depending upon the difference in the 
two path lengths. 


Propagation Over Knife-Edge 

Propagation of microwave signals 
over a path in which a knife edge ob- 
scures all surface reflections is typical 
of non-reflective paths over sharp 
ridges, trees, or buildings. Reflections 
are negligible for such paths, and the 
received signal varies with clearance 
due to diffraction of the waves by the 
sharp edge. 


Diffraction 

Diffraction effects over a knife edge 
can be visualized in terms of the Fres- 
nel zones, which were defined in Part 
1 of this series. 

Fig. 4. shows a cross-sectional view 
of the first Fresnel zone and concentric 
higher order Fresnel zones, as seen 
from the receiving antenna. This zone 
diagram shows the microwave beam 
crossing a ridge with path clearance 
from mid-beam exactly equal to the 
first Fresnel zone radius, R. The first 
Fresnel zone contains microwave 
energy having a phase upon reception 
of 0 deg at the center out to 180 deg 
at R. All energy in this zone is additive 
in phase. 
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FIG. 2. Reflection 
coefficients for 
over-water path. 


MAGNITUDE OF REFLECTION COEFFICIENT 


The second zone contains out-of- 
phase energy (180 deg to 360 deg) that 
tends to cancel part of the first zone. 
The third and all succeeding odd-num- 
bered zones are additives in phase with 
the first. Similarly, all even-numbered 
zones (shaded) are out of phase with 
the first Fresnel zone. The radius of 
each zone is the square root of the zone 
number times R, so that fourth Fres- 


ON 150 MILES OF 18-INCH PRODUCTS LINE between 
Jacksboro and Teague, Texas, this Cleveland Model 
320 Trencher is showing that its speed and capacity 
are profitably employed on medium and small 
diameter jobs as well as on the big 36-inch lines. 


HORIZONTAL POLARIZATION 
War cee’ “5 sme 


WiTH ¥ AND i’ 


SMOOTH SEA 


VERTICAL POLARIZATION 


3 4 ) 7 


GRAZING ANGLE IN DEGREES 


nel zone radius = 2R, etc. 

The received signal is the sum of the 
energy not obscured by the ridge. 

A similar diffraction pattern of con- 
centric Fresnel zones occurs at the re- 
flection point on the surface of a 
smooth sphere. 

Effect of Clearance on 


Transmission 
The received microwave signal will 


FIG. 4. Fresnel zones as seen from 
receiving antenna. Clearance over 
ridge First Fresnel zone radius, R 


fluctuate about the normal transmis 
sion value as a result of bending and 
terrain reflections. The effects of refrac 
tion, reflection and diffraction are sum 
marized in the Path Planning Graph 
for over-land and over-water paths 
Variation in Clearance. The lower 
half of the graph shows the variation 
of clearance as bending occurs. The 
graph is constructed for use with true 
earth profile charts in considering the 
normal and extremes of propagation 


It is one of several 320’s owned by the River 
Construction Corporation of Fort Worth. 
There’s a Cleveland trencher that will fit the require- 
ments of all your pipeline jobs — large and small. 
Talk it over with your Cleveland distributor. 


THe CLEVELAND TRENCHER COMPANY, 20100 St. Clair Avenue, Cleveland 17, Ohio 
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PATH PLANNING GRAPH 
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(effective earth curvature of 2/3 true 
radius to flat earth). 

The change in actual clearance is 
plotted throughout the path for total 
path lengths of 15 to 40 miles in 5-mile 
increments. The locus of mid-path 
bending is plotted (dashed line) to aid 
in extrapolating for intermediate path 
lengths. The total footage between the 
upward and downward bending loci at 
any distance represents the maximum 
mid-path bending for a path twice the 
length of the indicated point. 

Example No. | shows a variation in 
clearance of + 150 and — 80 ft at mid- 
path (15 miles) on a 30-mile path. Ex- 
ample No. 2 shows the variation in 
clearance over an obstacle at 22 miles 
on a 30-mile path. 

When the variation in clearance has 
been determined, the numbers should 
be tabulated as shown below to indi- 
cate the ratio of actual clearance, C, 
to the first Fresnel zone radius, R, at 
the frequency band under considera- 
tion. The value of R can be obtained 
directly from the first Fresnel Zone 
Graph in Part 1 of this series. 

The following is tabulated for ex- 
ample No. | above at a frequency of 
6700 mc and a design clearance of 
0.6 R: 


Design Clearance 
(Straight-Line, {Downward Bend- 
K=l, True Earth ing Extreme Upward Bending 
Profile K=@ Extreme (K = 34 
( 45 ft 45+150=195ft 45—80=——35 ft 
R 75 ft 75 ft 75 ft 
c/R 0.6R 2.6R 0.47 R 


With these Fresnel zone clearance 
ratios, C/R, the operating conditions 
can be seen from the upper half of the 
Path Planning Graph. 

Effect on Transmission. The effect 
of clearance on transmission for vari- 
ous types of terrain is illustrated in the 
Path Planning Graph, which plots 
transmission level (with respect to free- 
space value) versus path clearance (in 
terms of ratio of actual clearance to 
first Fresnel zone radius, or C/R). 

The curves depict transmission over 
the two basic path types: 

(a) Non-reflective (Knife-edge, or 

reflection coefficient of zero). 
Typical of overland paths, or 
transmission over wooded 
areas, irregular terrain, urban 
areas, etc. 
Reflective (Smooth sphere, or 
reflection coefficient of unity). 
Typical of over-water paths, or 
transmission over smooth bar- 
ren country, dense ground fogs, 
etc. 

Actual microwave transmission tests, 
which were conducted over a reflective 
and a non-reflective path by means of 
portable transmitting and receiving 
equipment with variable tower heights, 
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Lone Star 


standard of the industry 


in the Mid-Continent area 


The huge, ultra modern Lone Star Steel plant was 
built primarily to serve the busy Mid-Continent area . . but 
week after week, pipe orders come im for tons of Lone Star 
API line pipe, casing and tubing to be used in distant territory. 


From mining of the ore through Lone Star's precision 
pipe mills..Lone Star’s API pipe quality is controlled in every 
step of manufacture. Lone Star line pipe has uniform wall 
thickness and roundness, is easy to field weld and easy to bend. 


Neighbor, wherever you are, specify 
Lone Star and we both get a good deal. 


EEL 


S.. #2 G8: Ac, ¥ 





EXECUTIVE SALES OFFICES 

W. Meckingbird Lene at Roeper « *. O. Bex 12226 « Dalles, Texas 
DIsTRICT SALES OFFICES 

Houston, Texas Midlond, Texas Sen Antonio, Texas 

Tulsa, Okichome | Wichite Falls, Texes | Shreveport, ic. 
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MICROWAVE 
COMMUNICATIONS: 


Public Service Company of Indiana, Inc. 

Microwave radio aids in controlling supply of electricity for the state of 
Indiana. Four branches of a G-E Microwave system—combining voice 
and telemetering channels—-originate at utility headquarters in Plain- 
field. From this hub regional demands are controlled according to local 
needs. Load control information obtained by remote control telemeter- 
ing is analyzed, then transmitted to generating stations in necessary 
areas. Entire electrical power system is linked solidly by microwave radio. 


Sinclair Pipe Line Company 

Microwave radio helps Sinclair coordinate flow of crude oil and oil prod- 
ucts ov-r many states—-even turns pumps on and off. 7 voice, 4 tele- 
metering channels link Cushing, Oklahoma and East Chicago, Indiana. 
Another channel permits remote control of 16 VHF radio base stations 
along the line which provide communication between over 100 radio- 
equipped vehicles and any company office in the microwave system. 
System is capable of providing up to 12 additional channels as needed. 
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Antenna receives, transmits, or relays voice or telemeter- 
ing signals. Antennas like these link headquarters with 
generating plants and sub-stations over a wide area. 

P.S.I.’s microwave network provides utmost dependabil- 
ity because of standby equipment, fail safe feature, and 
because equipment can be concentrated at specific loca- 
tions where it can be fully protected and easily maintained. 


Are microwave circuits 
your answer, too? 


it depends. 
What kind of service do you provide, how do you do it? 


Let’s assume that instant control and coordination 
of many functions, over long distances, are vital to 
your needs. Then you should investigate microwave 
because it is dependable, economical, and inexpen- 
sive to add additional circuits. 


The services shown here need dependable voice and 
signal circuits. One controls the flow of crude oil 
and oil products over many states. The other uses 
microwave to link electric power facilities through- 
out one state. 

Both use G-E Microwave Equipment for efficiency 
and economy. For additional microwave informa- 
tion, write: General Electric Co., Microwave Equip- 
ment, Sect. X9276, Electronics Park, Syracuse, N.Y. 


Progress /s Our Most Important Prodvet 
GENERAL @@ ELECTRIC 
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have verified the shape and actual val- 
ues of these theoretical curves within 
2 db. 

In actual transmission, the oper- 
ating point slides on the curve in ac- 
cordance with the variation of clear- 
ance ratio, C/R. Maximum transmis- 
sion is seen to occur with a clearance 
equal to first Fresnel zone radius, or 
C/R = 1. A grazing path corresponds 
to C/R = 0. Values of C/R below zero 
correspond to operation in the shadow 
region below line-of-sight. 

Transmission over non-reflective 
paths (solid curve) is seen to vary only 
+ 1 or 2 db from free-space as long as 
C/R = 0.5 or greater. At grazing clear- 
ance, transmission is down 6 db. In 
the shadow region, the slope is based 
on knife-edge diffraction, correspond- 
ing to screening out major portions of 
the concentric Fresnel zone energy. 

Transmission over reflective paths 
(dashed curve) is seen to exhibit a 
broad peak of 6 db above free-space at 
the first and successive odd-numbered 
Fresnel zones. These peaks correspond 
to full reinforcement of the direct and 
reflected waves, which arrive in-phase 
under these conditions. 

At the second and successive even- 
numbered Fresnel zones, however, the 
direct and reflected waves are in phase 
opposition, resulting in almost com- 
plete cancellation and sharp fades of 
approximately 35 db at these points. In 
the shadow region smooth sphere dif- 
fraction effects are seen to result in 
more rapid attenuation than with knife- 
edge diffraction. 


Example: 

With the variation in clearance with 
bending as previously determined for 
Example No. |, C/R varied from the 
design value of 0.6 down to —0.47 un- 
der severe upward bending (k = 2/3), 
and up to 2.6 under severe downward 
bending (k = «). With an overland 
path, this corresponds to a variation 
from normal of —12 db with k = 2/3, 
and +1 db as k goes to infinity. This 
amount of fade would be readily com- 
pensated by the fade margin built into 
the system. 

The same extremes of propagation 
for an over-water path would result in 
a variation from normal to—30 db 
with k = 2/3, up through two cancella- 
tion fades of 35 db as k goes to infinity. 
with a 30-db fade margin over such a 
link, the upward bending extreme 
would still result in useable communi- 
cation circuits, but the sharp cancella- 
tion fades would cause the system to 
experience rapid fades into noise under 
downward bending conditions. Divers- 
ity paths would be required to eliminate 
the sharp nulls and provide reliable 
over-water propagation. 
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Solve All Your 
Pipe Line Problems 


ON THE 


HUTCHINSON 


CALCULATOR 


For Pipe Line Flows Gas, Air, Oil and Water 


ACTUAL SIZE 10” x 10” 


Printed in two colors on 
warp-proof Vinylite; scales 
are protected by trans- 
parent lamination, making 
erasure practically impos- 
sible. Complete with pro- 
tectors, pressure table and 


instructions ... 


$10.00 


Copyrighted 1950 


Quick, Accurate, Easily Operated 


Solves Problems In: 


High pressure gas pipe line 

flow by 

(a) Use of the Panhandle For- 
mula or by 

(b) Use of the Weymouth 
Formula 

Low pressure gas pipe line flow 

by the use of the Spitzglass 

Formula 

Simple oil flow by 

National Transit Formula 

Flow of water in pipe lines by 

the use of the Spitzglass 

Formula 


It will correct for the specific grav- 
ity of gas 


It will correct for pressure base in 
gas problems 


It will correct for interval distribu- 
tion in high or low pressure gas 
or water systems 


It will give hourly or daily results 
for gas and oil 


It will solve many special problems 
easily 


CLIP THIS AND MAIL TO: 


THE PETROLEUM ENGINEER PUBLISHING COMPANY 
Post Office Box 1589 © Dallas 21, Texas 


Gentlemen: Please send me the Hutchison gas, air, oil and woter flows calculator 


[] $10 payment enclosed 


[) Bill me [] Bill company 























Testing Program 
Should Be Planned 
When Pipe Line Is Designed 


P 615.35 


By properly organizing the oper- 
ation, testing can be completed 
soon after construction is fin- 


ished, getting the line on stream 
fast. 





R. L. Kranzfelder 


Senior Office Engineer 
Canadian Bechtel, Ltd 


“How soon can we start pumping?” 
Management inevitably wants an an- 
swer to this question once the final weld 
has ended a pipe line construction job. 

Completion of the testing program is 
the usual obstacle that stands between 
the end of construction and the begin- 
ning of operation. Proper foresight and 
planning of the pipe line testing pro- 
gram in conjunction with the original 
design and construction planning for 
the pipe line system will reduce this 
problem to the very minimum. 

In designing and planning for hy- 
drostatic testing, fundamental consider- 
ations must be given to the following: 

1. Water loading any spanned 
crossings. 

2. Running scrapers through all 
main line bends. 

Obtaining a profile of the pipe 
line. 

4. Conducting a water availability 
survey. 

In looking toward the most efficient 
manner of completing the testing im- 
mediately behind construction, other 
factors must be investigated. These in- 
clude: 

1. The preparation of all prelimi- 
nary charts, curves, and calcula- 
tions. 

The starting points for the con- 
struction spreads. 

The assignment of the main line 
contractor's part in testing. 

The selection of maximum and 
minimum test pressures. 

The selection of proper fill and 
test sections. 

The early preparation of both time 
and cost estimates for the test and ob- 
taining the same from a testing con- 
tractor will help to formulate the over- 
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all program. 

Detailed arrangements for seemingly 
minor items such as installing water 
loading and water removal pigs during 
construction, scheduling fabricated 
manifold deliveries to the right-of-way, 
the selection of test equipment and test 
personnel, and advance valve main- 
tenance will aid in making the test a 
well organized operation. 


Filling 

After the pipe line profile is avail- 
able and maximum and minimum test 
pressures have dictated the termini of 
the test sections, the fill points can be 
selected using a few additional facts. 
The capacity of the fill pump, the loca- 
tion of the water supply points, the an- 
ticipated construction progress, and the 
location of the main line valves will fix 
the length of any fill section. 

Consideration might be given to us- 
ing the entire pipe line as one fill sec- 
tion by displacing the water from sec- 
tion to section using the operating fluid 
for a combined cleaning-filling opera- 
tion. Caution should be exercised here 
to ensure that adequate alternate water 
supply points are available for use in 
event excessive line failures necessitate 
additional filling after the original 
source of water has been isolated by a 
section of line filled with crude or 
products. 

If any sizeable quantities of water 
have been put into the pipe line during 
construction, and the terrain is hilly 
to mountainous, the running of a pre- 
liminary water removal pig may be 
warranted to lessen the problem of air 
locks caused by additive hydrostatic 
heads during the actual filling opera- 
tion. The preliminary run would be 
made using a compressed air-driven 


scraper, which could serve as the gag- 
ing pig that is required by many com- 
panies on new construction. 

Selection of the fill pump depends on 
the line size, the terrain and on the time 
to be allotted for filling. Also, included 
should be some allowance for addi- 
tional static head that may be caused 
by one or several air locks in the sec- 
tion. A combination that has been used 
effectively for several situations is a 
low head pump with approximately 
2000 gpm capacity taking suction from 
the water source and discharging into 
a main fill pump that loads the pipe line 
at a rate of from 1000 to 1300 gpm and 
a pressure of about 500 psig. Both of 
these pumps can be made quite mobile, 
and by using a quick coupled type of 
portable pipe line between them, the 
entire filling plant can be dismantled 
and moved to another location in short 
order. 


Caiculations 

In advance of any field testing work, 
it is desirable to prepare a set of curves 
or charts to aid the field test engineer 
in determining such factors as quanti- 
ties of water required, time required to 
fill a given section, physical properties 
of water, determining the presence of 
air in a test section, and determining 
the effect of temperature. 

I. Quantity of water required to fill 
and pressure pipe line. First, it is neces- 
sary to calculate the increased diameter 
of the pipe due to the applied test pres- 
sure. As the test pressure will be lower 
than the pressure required to yield the 
pipe, Hooke’s Law will hold: 


PD/2t PD? 
ore 


_ Stress 
~ Strain e/D 
(1) 
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Where: 
e = elongation of diameter, in., 
P = internal test pressure, psi, 
D = inside diameter, in. 
E = Young’s modulus for pipe 

steel, psi, 
t = pipe wall thickness, in. 
The quantity of water in the pres- 
sured pipe line then equals: 


V= 
a (D + e)? L (7.4805 Gal/cu ft) 
4 144 Cc 
Vv 0.04080 (D + e)? L/C 
(2) 
Where: 

V = quantity of water, gal, 

L = length of test section, ft, 

C = compressibility factor for 
water at test pressure and 
water temperature. 

Ii. Pressure rise per gallon of water 
added. In order to determine whether 
air is present in the test section, the ac- 
tual pressure rise may be compared 
with the calculated pressure rise. In 
making this check, use the fill pump 
end pressure as a starting point be- 
cause any air will be compressed to ap- 
proximately 1/35th its original volume 
at 500 psig. 

Calculated pressure rise/gal 

P, — P, 
Vc We. 
Where: 
P, = test pressure, psi, 


P, = fill pressure, psi, 
V, = volume at test pressure cal- 
culated using equations 
(1) and (2), 
volume at fill pressure calcu- 
lated using equations (1) 
and (2). 


By measuring the actual quantity of 
water required to raise the pressure 
from the fill pressure to the test pres- 
sure, an actual pressure rise per gal- 
lon can be observed: 

Actual pressure rise/gal = P, — P, 

Measured additional vol., (4) 

Ill. The effect of temperature 
changes. Once the test pressure has 
been reached, it should be held for a 
set period (usually 24 hr) in order to 
determine whether any small leaks are 
present in the test section. In order to 
establish the presence of a leak, it is 
necessary to account for any pressure 
changes caused by variations in tem- 
perature. Any water added or bled off 
from a test section, in order to main- 
tain the test pressure, should be meas- 
ured to check against the quantities re- 
quired to compensate for temperature 
changes. 

In calculating the pressure change 
due to temperature change, the follow- 
ing assumptions are made: 

1. The effect of any impurities 
changing the physical properties of 
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pure water has been neglected. 

2. The change of specific weight of 
water with pressure change has been 
neglected in the range of the test pres- 
sure. 

3. The backfilled pipe line at the 
test pressure is assumed to have no 
longitudinal movement. 

4. The pipe temperature and water 
temperature are assumed to be the same 
for any given temperature reading. 

The effective increase in volume of 
the water due to temperature change 
can be expressed as the difference be- 
tween the changed volume of water at 
the new temperature and the changed 
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volume of the pipe at the new tem- 
perature: 
A aoe | 
We w —V,a(T,—T,) 
P (5) 
Where: 
V, = volume at temperature T,, 
V, = volume at changed tempera- 
ture T,, 
W,, = specific weight of water at T,, 
W,, = specific weight of water at T,, 
a = coefficient of cubical expan- 
sion for pipe steel (16.8 
10°°/°F) — assumed con- 
stant for range of tempera- 


OF PIPE CUTTING AND BEVELING MACHINES OFFERING 
A COMPLETE RANGE of 1/2" to 36° in DIAMETER! 


EASY TO OPERATE 
LIGHTWEIGHT 
PROFITABLE 
ACCURATE 
EFFICIENT 
PORTABLE 
DURABLE 

RUGGED 

SPEEDY 


Again, H&M paces the field by providing the only 


complete line of lightweight, portable pipe cutting 


equipment based on the famous H&M _ horseshoe 


split gear principle, with models for 142” to 4” — 
4” to 8” — 8” to 12” — 14” to 20” — 22” to 26” — 
26” to 30” — 28” to 36”! Write today for fully 
illustrated details on the full H&M line. 


PIPE BEVELING 


MACHINE COMPANY 


Trademark Registered 


311 E. Third St. 


TULSA, OKLAHOMA 
Diamond 3-024! 
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tures considered. (The ex- 
pression using this coeffi- 
cient states that the volume 
inside the pipe changes with 
temperature as though it 
were a solid block of the 
pipe material.) 

Substituting the increased or de- 
creased volume found by equation (5) 
in expressions (2) and (1), the in- 
creased or decreased pressure can be 
calculated. 

Fig. | and 2 are included to give 
some specific weights of water at var- 
ious temperatures and pressures and to 
illustrate thé effect of temperature 


changes on a pipe line test section. 


Pressuring 

Of first importance, before any pres- 
suring operation is begun in the field, 
is a check to ensure that the entire test 
section has been backfilled. This is pri- 
marily a safety feature to test posi- 
tively the pipe line in its permanent 
status. During the testing period is the 
most desirable time to locate any sec- 
tions of the line that in effect are un- 
supported spans and may fail due to 
the external loading on the line from 
the backfill. 

On one pipe line, during the clean- 


Here’s a dry Gas Scrubber that will 


take a 100% overload without loss of efficiency 


Aerotec Gas Scrubbers enjoy a wide acceptance with leading pipeline 
companies. This recognition is the result of many advantages: 


1. Dry Delivery 


Aerotec Gas Scrubbers deliver gas free from dust and liquid 
carryover. They employ no fluids in the scrubbing process. 


. Overload Provision 


Aerotec Gas Scrubbers will operate for a period at 100% over- 


load without loss of efficiency. 


. Compactness 


These units are a fraction of conventional scrubbers in size. 


. Manifolding 


Aerotec Gas Scrubbers lend themselves to convenient parallel 


operation up to any capacity 


Any unit may be removed from 


the line without affecting gas delivery. 


5. Simplicity 


Aerotec units are simple in design and practically foolproof. 
Why not check with our project engineers? They are experienced in 
methods of removing foreign matter from gas. 


Project Engineers THE THERMIX CORPORATION Greenwich, Conn. 
(Offices in 38 principal cities) 
Canadian Affiliates: T. C. CHOWN, LTD., 1440 S. Catherine St. W., Montreal, Que. 


Manufacturers 


THE AEROTEC CORPORATION 
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TEMPERATURE ( F) 
FIG. 1. Specific weight of water. 
ing operation, failures were discovered 
in a creek crossing that previously had 
been tested on the bank before being 
pulled. The failures were caused by 
backfill loading between the sags and 
overbends, which had been undercut 
by quicksand. Had this crossing been 
tested in place before any pay product 
was put into the line, a large saving in 
time and money could have been 
effected. Also, having the pipe in the 
test section entirely backfilled will les- 
sen the amount of pressure deviation 
caused by temperature change. 

The equipment required for the pres- 
suring phase consists first of a high 
pressure low volume reciprocating 
pump, usually truck mounted and com- 
plete with the necessary high pressure 
hose and fittings for tieing into the 
main line. The remainder of the equip- 
ment is for pressure, volume, and tem- 
perature measurements. 

It is convenient to manifold all the 
pressure measuring equipment together 
into a portable unit to move to individ- 
ual test sections with a single hook-up. 
Such a unit consists of a deadweight 
pressure gage for determining the ac- 
tual pressure, a dial gage for rough 
pressure checks, a recording pressure 
gage for a permanent record of the 
test, %4 in. connecting piping and 


wT | 7 : — 


| 
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TEMPERATURE (°F) 
FIG. 2. Effect of temperature. 
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valves, and a small hydraulic pump for 
filling the system with oil, all mounted 
on a portable base. This pressure unit 
is generally tied into the main line with 
a 50-ft section of %-in. high pressure 
hose. A means of measuring the water 
temperature completes the equipment 
required for the pressuring phase. 

With the pipe line at approximately 
400 to 500 psig after the filling opera- 
tion has been completed, raising the 
line to the selected test pressure is a 
relatively short process provided most 
of the air was removed while filling. In 
order to determine whether air is pres- 
ent in the line, the suction water for the 
pump should be measured and com- 
pared with the calculated amount of 
water required to reach the test pres- 
sure. Once the test pressure has been 
reached, periodic pressure checks at 
short intervals will indicate any large 
leaks. 

The location of a leak, especially on 
a wet right-of-way, sometimes presents 
a sizeable problem. When visual in- 
spection fails to find a leak, the best 
approach is with an audio amplifying 
type leak detector. These instruments 
will amplify the vibrations caused by 
the water escaping through any pin 
hole or crack in the pipe line and in- 
dicate the location of the leak in the 
vicinity of the greatest intensity. 


The location and repair of breaks is 


smaller increments in order to main- 
tain the testing schedule. On one line 
where this difficulty was experienced, 
the line was pressured and the failures 
located and repaired at a rate of eight 
to ten per day. All sections were refilled 
each night and in readiness to repeat 
the process the following day. 


straightforward. The two problems en- 
countered with breaks are the increased 
amount of air in the test section after 
refilling and the time lost if numerous 
failures are being found in a given sec- 
tion. The increased quantity of air may 
require additional vents in the vicinity 
of the break, or in the extreme case, re- 
quire running a new water loading pig. 

The problem of numerous failures 
means re-dividing the test sections into 


——— - 


Pressuring to Yield 
Testing to the yield of a pipe line 





The WILKINSON LINE LOCATOR 
SEES AND TELLS 


Instantly locates subsurface pipes, cables and such, and determines depth accurately. The 
etched circuitry, our latest innovation, assures better quality contro! and performance than 
the customary hand wiring method. 

Avoid domaged structures and prevent loss of time with the Wilkinson Locator. 


A new loop antenna increases power and selectivity. Instrument cases are now built of wear 
resisting phenolic material. 


WILKINSON PRODUCTS COMPANY 


3987 Chevy Chase Drive, PASADENA 3, CALIFORNIA. SYivan 0-4314 
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COATING & WRAPPING 
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STATIONARY COATING 
& WRAPPING MACHINE 





The spray-ring ap- 
plicator makes this 
Crose machine the 
‘finest on the line . . . 


and more contrac- 





tors use them! 


The Crose machine assures uniform coating . . . 
precision wrapping .. . it coats Bends or 
“Egged"’ Pipe. 


Available in sizes that handle pipe 2” to 36”. 
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verifies that the installed pipe does 
possess the minimum specified yield 
strength upon which the original de- 
sign of the line was based. Stresses on 
pipe lines consist of combinations of 
stresses produced by internal pressure, 
backfill loading, bending, temperature, 
construction damage, and out of round- 
ness. When pressuring to yield, any 
failures will locate joints in the pipe 
line where excessive secondary stresses 
have added to the primary stress, due 
to int@Mfal pressure, and together have 
produced a combined stress that is 
larger than the yield of the pipe. 

A mcthod of determining the yield 
point in the field is to plot a stress- 


ee 


pig designed to float in the fluid in 
which it is being run. Using the body 
of the pig as a tank reservoir, the total 
weight of the pig can be adjusted in 
order to bring its weight to zero in the 
line fluid and thereby greatly reduce 
the wear on the pig rubbers. 

Accepting the fact that there will be 
some oil-water mixing behind the pig, 
this can be kept to a minimum by con- 
trolling the pumping rate to maintain 
a high Reynolds Number. 


Analysis of Results 

After a pipe line has been pressured 
to an assigned test pressure without 
failure, it may be considered proved 


COATING 


FOR APPLICATION 


IN ANY SEASON TT 


Applying Lion E-120 coating near Saskatoon, Saskatchewan, Canada 


Hot WEATHER OR COLD, Lion E-1 


20 coating goes on smoothly, 


makes a firm bond with the metal, and forms the impervious 
insulating layer required by corrosion engineers. Made by one 
of the most experienced producers of asphalt coatings, Lion 


E-120 is the result of six years’ 
testing. Both in the laboratory and 


intensive development and 
under the most adverse field 


conditions during the past fourteen years it has proven its 


complete reliability. 


. industry. 
Write for complete 
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E-120 coating and 
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ALBERTA, CANADA 


Coke Breeze 


FIG. 3. Pressuring to yield. 


strain curve during the pressuring op- 
eration. The stress is read from the 
deadweight pressure gage at given in- 
tervals of pressure. The strain is meas- 
ured by the volume of water added for 
each pressure increment. In plotting 
the curve of pressure versus additional 
volumes, a straight line will result as 
long as the ratio is within the elastic 
limit. When more water is required to 
produce the same incremental increase 
in pressure, the curve falls off the 
straight line and yielding is indicated. 
Fig. 3 is included as a graphic example 
of such a stress-strain curve. 


Cleaning 

On completion of satisfactory pres- 
ure tests between the suction end of 
the pipe line and the first line station, 
this section is ready for the cleaning 
phase. The initial preparatory step is 
to remove all temporary manifolds that 
were installed either for filling or for 
dividing the section by maximum al- 
lowable test pressures. After the bulk 
of the water has gravitied out at these 
manifold locations, mud packs or any 
of the patented stopper devices are in- 
serted in the open ends in order to seal 
off any small quantities of water and 
thereby speed up the tie-in operation. 
Any tie-in welds necessary after com- 
pletion of the pressure test should be 
X-rayed. 

A pig with four to six rubber cups 
is the most effective means of remov- 
ing the water and loading the pipe line 
with its initial pay product. The quality 
of the cleaning operation depends on 
how much fluid by-passes this pig. The 
amount of leakage is roughly propor- 
tional to the amount of foreign ma- 
terials in the pipe line but also depends 
on the differential across the pig and 
the length of the run. Even though 
water is a fair lubricant, the weight of 
the pig plus the collection of the abra- 
sive materials on the bottom of the pipe 
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line result in wearing the pig rubbers 
flat on the bottom. To improve this 
situation, development work is in prog- 
ress on a floatation type displacement 
for that particular pressure. If, how- 
ever, the pipe line has been pressured 
to a test pressure equivalent to the yield 
of the pipe material, it is additionally 
proved that the safety factor used in 
the original design has not been re- 
duced by any secondary stresses that 
may have been introduced into the 
pipe line during construction. 

In order to illustrate the results of a 
hydrostatic test and how these results 
are analyzed, the following sample test 
section is submitted: 

A 10-mile test section of 20-in. OD 
0.3125-in. wall thickness, API SL X 52 
pipe is to be tested to 90 per cent of 
yield at its point of maximum pressure. 


(1) Test pressure: 


p, = 28 0.90) _ 
>: D — 

2 (52,000) (0.3125) (0.90) 
20 

= 1463 psig 


(2) Volume of water required to fill 
and pressure pipe line to test 
pressure: 


Diameter elongation = 
PD? (1463) (19.3750)? 
2 Et 2(30 x 10°) (0.3125) 


= 0.0293 in. 


Vp-p. = 0.04080 (D + e)? L/C 
(0.04080) (19.4043)? (52,800) 
0.955 
815,205 gal 


(3) Pressure rise per gallon of water 
added: By the same method as (2), the 
volume required to fill the line to 500 
psig is calculated to be 813,584 gal and 
the calculated pressure rise is (1463 — 
500) / (815,205 — 813,584) or 0.594 
psi/gal. If the actual pressure rise per 
gallon of water added (determined by 
field measurement) is significantly 
lower, it will be necessary to remove 
the undissolved air if accurate tem- 
perature variation versus pressure vari- 
ation checks are to be obtained. Also, 
consideration should be given to the 
economics of repairing a failure caused 
by air against repairing a failure caused 
by water. 

(4) Effect of temperature changes: 
If the water temperature was 50 F at 
the time the test section was pressured, 
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and the temperature dropped to 45 PF, 
the expected pressure drop would be 
calculated: 


-V_ (45 — 50) 


62.71 

62.73 

— (815,205) (16.8 x 10°) (-5) 
- $15,145 gal 


V,, = (815,205) 


By substituting this decreased vol- 
ume in (2), the corresponding pressure 
is calculated to be 1429 psig. If pump- 
ing the 60 gal difference back into the 
pipe line raises the pressure back to the 
test pressure range, a tight pipe line is 
indicated. Local conditions may dic- 
tate re-pressuring or bleeding off water 
several times during a given test and, by 
measuring the quantities of water in 
each instance, other corrections may 
be found to be necessary. These would 
include taking into consideration the 
fact that the temperature will not be 
constant for an entire test section if 
any water crossings, either aerial or 
submarine, are included in the test sec- 
tion. Also, in mountainous terrain, it 
may be necessary to divide a test sec- 
tion into smaller increments for volume 
calculation purposes. 

By taking into consideration all 
necessary requirements of the testing 
program and estimating and obtaining 
all additional data that will be required 
due to local conditions, a testing pro- 
gram can be successfully planned with 
the initial phases of pipe line design in 
order to insure that the testing will be 
completed as soon as possible after con- 
struction. x*** 





LAND BRIDGE erected over the now famous Tapline to per- 
mit Bedu tribesmen to cross. At places along the pipe line, 
which is forty per cent above-ground, Trans-Arabian Pipe 
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Line Company engineers have constructed such bridges so 
that camel caravans, during their north-south migrations, can 
easily get across the 754-mile long 30-31-in. diameter line. 
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Tennessee Gas’ Transmission Company s 


“Muskrat Line’ submarines 





THE PIPELINE ENGINEER, July, 1956 





toward completion... 


The “Muskrat Line", with its feeders, covers a 
total of 355 miles. From point A, off the Louisiana 
Coast, it runs generally westward across the 
Mississippi River Delta and along the Louisiana 
coast. And at point B (Crowley, La.) it hooks up 
with the existing gathering system. Only the 
last 70 miles of the line, before it reaches Crowley, 
involved normal dry land construction techniques. 


Through research & .. @ better way 
oOo Re PO8R@ tt oOo ff 
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Milwaukee 1, Wisconsin 


Chicago 4 + Dallas 2 « Los Angeles 22 « Midland 5, Texas + New 
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international Division: Milwaukee 1, Wisconsin 
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New 355-mile pipe line extension 
gets colorful name from wild 
swamps and marshlands it 
traverses. four-fifths of it will 
be laid under water. 


HE “Muskrat Line” extension is part of 

this company’s current $56,000,000 pipe 
line and compressor expansion program. When 
completed, the program will give the Tennessee 
Gas system a total of more than 9500 miles 
of pipe line in 15 states. Average daily delivery 
capacity will then be 1,800,000,000 cubic feet. 

A. O. Smith Corporation is proud to be a 
part of this new extension by furnishing the 
18 and 20 inch and a portion of the 24-inch 
line pipe. 

The purpose of this new construction is 
to bring important new onshore and offshore 
natural gas reserves to the customers of 
Tennessee Gas. 

The magnitude of the work involved in 
building the “Muskrat Line” is indicated by 
the facts that special canals had to be dredged 
through the marshlands . . . special pipe-laying 
barges had to be built . . . and 130 navigable 
bodies of water had to be crossed. Completion 
of the ““Muskrat Line” is expected by mid- 
summer. 





FOR ALMOST 30 YEARS ... 


A. O. Smith has held a high standard of quality 
control and this quality control has been 
maintained at every step of the manufacturing 
process. That’s why A. O. Smith pipe made and 
installed in 1928 is still in operation. That’s 
why so much A. O. Smith pipe has been used 
in nearly every important high-pressure line. 
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They’ve taken the noise out of compressor station operation .. . 





Practically Noiseless Plant 


Serves Suburban Area For SoCalGas 


R. Cc. Baird, Consulting Engineer 


Jerry Stumm, Pocific Coast Editor 


W HEN Southern California Gas 
Company proposed the expansion and 
modernization of its Playa del Rey 
underground gas storage facilities in 
1953 to insure continued ability to 
meet peak demands of customers dur- 
ing winter months, two basic problems 
presented themselves — noise and ap- 
pearance, 

Ever since Southern California Gas 
took over the depleted gas and oil field 
in 1942, and constructed the initial 
field storage gas compression facility, 
the surroundingcountryside has gradu- 
ally grown into a modern, upper-class 
residential area. Although the gas com- 
pany could continue to operate del Rey 
in its existing status, regulations of the 
City Planning Commission required 
modification of zoning restrictions be- 
fore the company’s new expansion and 
modernization plans could go forward. 

The plans called for an increase 
from a 10,000,000 cu ft per hr with- 
drawal capacity to 27,000,000 cu ft per 


hr. A substantial increase in compres- 
sor horsepower was required, there- 
fore, but necessarily had to be accom- 
panied by a decrease in noise, as the 
authority for the expansion was granted 
contingent on a guarantee that the 
noise problem would be kept com- 
pletely under control. Although this 
presented a major problem, it was felt 
that complete noise control was not 
unattainable. It was recognized, how- 
ever, that appearance would play an 
important role psychologically in how 
much noise a resident might think he 
hears even though the noise might not 
actually be audible. It was initially con- 
cluded, therefore, that to achieve the 
greatest degree of public acceptance, 
every possible means should be exer- 
cised to eliminate the appearance of a 
compressor station. 

Another major consideration was to 
provide the best possible working con- 
ditions for the operators, particularly 
insofar as internal plant noise was con- 


Jacketed piping and headers with acoustical and insulating 
material reduces noise level in compressor building interior. 
Note acoustical tile covered ceiling and modern lighting fixtures. 


Plant is open to north where no residential property exists. At 
right is cooling tower; at left, compressor building. Control 
room, left center, is in center of operating area. 
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cerned. This factor was considered in 
the light of more efficient plant opera- 
tion, better preventive maintenance in 
the assumption that the human ear can 
better detect characteristic mechanical 
sounds that indicate the development 
of trouble when not masked by exces 
sive plant noises, and from the long 
term viewpoint that it would reduce, 
or eliminate, the occurrence uf occupa 
tional deafness. 

It was with these factors in mind 
that initial planning and design of the 
station proceeded. 

Because this was an expansion of an 
existing station, it was economically de- 
sirable to salvage as much of the equip- 
ment as possible. The compressors 
were retained intact and on their origi- 
nal foundations, including two com- 
pressors of 660 hp each and two of 
1100 hp each. The atmospheric type 
cooling tower and a number of pres- 
sure vessels and storage tanks also were 
retained. With this as a nucleus, the 
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Compressor building roof is double- 
ridged to provide defiladed emplace- 
ment of mufflers. Tai! pipe bevels are 
oriented to direct noise toward north. 


Flow through diffuser at muffler inlet is 
depicted here. 


Sound absorbing liner is used in blow- 
down stack at center. Material 
absorbs high frequency sound during 
blow-downs. 


plant was designed to incorporate two 
new 1350-hp compressors and neces- 
sary facilities to handle the increased 
capacity. Provisions for additional fu- 
ture expansion also were included. 
The expansion program required the 
construction of a new and larger com- 
pressor building to house the additional 
compressor equipment, which likewise 
was necessary from the standpoint of 
appearance and acoustics. An exten- 
sion to the atmospheric cooling tower 
and the addition of a fin-fan cooling 
unit also were required due to the in- 
creased horsepower of the station. The 
addition of the fin-fan unit was found 
more economical than further extend- 
ing the cooling tower and, as the fin- 
fan unit could be placed in the opera- 
tional area between the compressor 
building and the cooling tower, its po- 
tential as a noise source was minimized. 
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Compressor Building 

The new compressor building is of 
barrier-type brick construction with 
double-run brick walls for maximum 
containment of engine noise, and the 
greatest degree of eye appeal. The walls 
rest on separate footings from the com- 
pressor pads to prevent damage to 
walls from vibration. Pulsation damp 
eners are used for both stages of com- 
pression, providing additional protec- 
tion to the building. 

Intake filters are situated in brick- 
walled rooms, one at each end of the 
building, with intake piping in a trench 
running through the building. This sys- 
tem serves to reduce intake noises 
entering the engine room 

Acoustical ceilings are provided in 
the compressor building to dissipate 
mechanical noise that otherwise would 
be intense through reverberation in this 
type of structure. The white colored 
acoustical ceilings also aid consider- 
ably in reflecting light to the working 
areas in the compressor building. 
Large aluminum access doors are pro- 
vided for additional light reflection 
and sound deadening. These doors are 
formed with perforated interior sur- 
faces backed with sound-absorbing 
material. Natural light is provided 
through glass brick windows, which are 
in keeping with the acousticai barrier 
characteristics of the building. 

Noise from the compressor units 


has been reduced by the lagging of ex 
pansion bottles, exhaust lines, and por- 
tions of the intake lines. 

Ventilation is provided through a 
positive displacement method accom- 
plished with blowers discharging down- 
ward into the room. This method elim 
inates noise from eminating through 
the large ventilating ports that other- 
wise would be required. 


Engine Mufflers 

The roof of the compressor build- 
ing is double-ridged to provide a de 
filaded emplacement for the mufflers, 
causing the higher frequency exhaust 
noises to propagate upward and pro 
viding some benefit in the outside noise 
control problem. Tail pipe bevels are 
oriented so as to direct residual high- 
frequency exhaust noise to the north, 
in which there are no residences 

The primary noise control measure 
however, insofar as exhaust noise is 
concerned, is provided in the mufflers 
themselves. The mufflers are designed 
with diffusers at the muffler inlets that 
serve to eliminate accoustical discon 
tinuities, which are the cause of ex 
haust pipe noise. This diffuser, in effect, 
minimizes the abrupt change in cross- 
sectional areas at the muffler inlet 

Much of the yard piping is placed in 
trenches and further protection from 
radiation of pipe noise toward residen 
tial areas is provided by a brick wall 
to the west, the cooling tower to the 
east, and the administration building to 
the south, and, as mentioned, there are 
no residences to the north. Future in 
clusion of vegetation around the plant 
will provide additional protection 
against the radiation of pipe and plant 
noise. 


Blow-down Silencer 

The blow-down silencer in designed 
to handle blow-down gas at a rate of 
5,000,000 std cu ft per hr, much of 
which expands from approximately 
1500 psig to atmosphere. The stack is 
642 ft in diam and 24 ft high. The 
acoustical energy generated by the « 
treme pressure drop to atmosphere, and 
obtained in the form of high frequency 
sound, is effectively absorbed by a 
liner incorporated in the stack. This 
technique is similar to that frequently 
employed in the petroleum industry 
for cat cracker blow-off. This same unit 
also handles routine blow-down re- 
quirements, and all individual compres 
sor blow-downs are combined in a 
piping system terminating at the 
silencer. 

Although the plant will ultimately 
contain greater horsepower than is 
presently installed, it is assured that the 
present extremely satisfactory noise 
situation will be retained. *** 
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PERSONALS 





> E. Clyde McGraw...named to the 

board of directors of Transcontinental 

Gas Pipe Line Cor- 

poration. Named 

executive vice presi- 

dent last year, Mc- 

Graw served as vice 

president of opera- 

tions for 5% years, 

and was previously 

vice president of 

Stone and Webster 

Service Corporation. 

ie In aneeen Mc- 

raw, other Transco 

E. Clyde McGraw neseties ‘ape: Cite 

H. Alexander, Dallas; Alfred C. Glassell 

Jr., Houston; N. V. Kinsey, Shreveport; 

Benno C. Schmidt, New York; Franz 

Schneider, New York; Joseph J. Snyder, 
Boston; and Walker, Houston. 


> Harry Moreland... president, Great 
Lakes Pipe Line Company, named vice 
chairman of Midwest Research Institute. 


> Ralph B. McLaughlin... chairman of 
the board, completed half a century of as- 
sociation with The Texas Pipe Line Com- 
pany, a wholly-owned subsidiary of The 
Texas Company. Also chairman of the 
board of three Texaco affiliated compan- 
ies, from which he will resign in July, he 
will retire from The Texas Pipe Line - 
pany in September. 


> Heber Grant... promoted to foremaa 
of the Eastern Ohio district in the pipe 
lines department of the Ohio Fuel Gas 
Company. With Ohio Fuel 25 years, he 
replaces Ross Mitchell... promoted to 
superintendent of the southern division of 
the pipe lines department. 


> Kenneth A. Beede ... promoted to su- 
perintendent of American Oil Company's 
Rensselaer, New York, terminal, follow- 
ing 30 year’s service in the company’s 
terminal operations. 


> Robert J. Menzie ... joined Tidewater 
Oil Company as senior engineer in the gas 
utilization department of the company’s 
Southern Division headquarters in Hous- 
ton. Formerly he was with the Federal 
Power Commission in Washington, D. C. 


> Atlantic Pipe Line Company has pro- 
moted Frank A. Billiot to district fore- 
man of a newly-created district which 
includes the Crockett County, Texas gath- 
ering system. He will headquarter in Big 
Lake. Pat Hellums succeeds Billiot. Ron- 
ald Morgan takes the job held by Hellums. 


> Ernest B. Johnson has been appointed 
cost engineer of Service Pipe Line Com- 
pany. He joined Service Pipe Line Com- 
pany in 1946, as a junior engineer, and 
became an engineer senior grade in Janu- 
ary, 1955. 


> R. R. McDaniel... appointed field su- 
perintendent, northern district, of South- 
ern Pacific Pipe Lines, Inc. J. R. Davis... 
new field superintendent, eastern district, 
with headquarters El Paso, Texas. 

C. B. Miller .. . named assistant to gen- 
eral manager, in Los Angeles head- 
quarters, and J. B. Brock ... promoted to 
with headquarters in El Paso, Texas. 
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> John E. Daubmire has retired as repair- 
man-in-charge for the southeastern pipe- 
lines division of the Ohio Fuel Gas Com- 
pany, ending one of the longest and most 
varied careers among Ohio Fuel person- 
nel. He started in 1899 as a water boy 
for fine line crewmen for the old Spring- 
field Gas Company, and at various times 
worked in compressor station and pipe 
line work for a number of other predeces- 
sor companies to Ohio Fuel. 


> George H. Supple has been named di- 
rector of transportation for General Pe- 
troleum Corporation. Prior to his new ap- 
pointment. Supple was a vice president and 
director of pipe lines. 

> John H. W has been awarded the 
Order of the Condor by the Republic of 
Bolivia. He is president of Williams Broth- 
ers, world-wide pipe line builders of Tulsa, 
Oklahoma. 


> Joe Willing Jr. is in France to assist the 
French government with a pipe line con- 
struction project. Willing was loaned to 
the French government by the Humble 
Oil & Refining Company, by whom he 
is employed. 


> Kenneth E. Tappy...appointed su- 
perintendent of the Ohio Oil Company's 
Wyoming pipe line division succeeding 
the late Clare McEthinny. Tappy joined 
Ohio Oil in 1933 and was formerly su- 
perintendent of the Lima, Ohio, pipeline 
division. 


> J. E. Bixby has been appointed assistant 
treasurer of Texas Eastern Transmission 
Corporation. Prior to joining Texas East- 
ern, Bixby was comptroller, assistant sec- 
retary and assistant treasurer of W. S. 
Bellows Construction Corporation of 
Houston. Other associations during the 
past 15 years include Hughes Tool Com- 
pany, where he was senior internal audi- 
tor, Defense Plant Corporation, and the 
State National Bank of Texarkana, Ar- 
kansas. 





How to Stay Young 


Avoid fried meats which angry up 
the blood. 


If your stomach disputes you, lie 
down and pacify it with cool 
thoughts. 

Keep the juices flowing by jan- 
gling around gently as you move. 
Go very light on the vices, such os 
carrying on in society. The social 
ramble ain't restful. 


Avoid running at all times. 


Don't look back. Something might 
be gaining on you. 


Leroy (Satchel) Paige 











> Earl Ainsworth 
...mew assistant to 
the manager of gas 
purchases for Nor- 
thern Natural Gas 
Company of Oma- 
ha, Nebraska. A vet- 
eran of 27 years in 
the oil and gas in- 
dustry, Ainsworth 
has been with Nor- 
thern since 1949. 
Earl Ainsworth 


> James A. Millen has been elected to the 
board of directors of Southern Counties 
Gas Company, Los Angeles. Millen, a 
vice-president of the gas company, heads 
its transmission and supply system, in- 
cluding the California portion of the 
Texas-California “Biggest Inch” pipe line. 
He also represents the company in gas 
purchase and other supply matters. 


> Bill Burns...named general superin- 
tendent of the Pioneer Pipe Line Com- 
pany with headquarters in Salt Lake City, 
Utah. Previously he had been chief en- 
gineer of Continental Pipe Line Company. 


> Holly P. Bradley ... safety supervisor, 
Service Pipe Line Company, attended 
the President’s Conference on Occupa- 
tional Safety, in Washington, D. C. 
The purpose of the Conference is to 
save human lives and injuries, and to en- 
courage participation in accident preven- 
tion measures and safety education in the 
plants and on the farms of America. Lead- 
ers from industry, labor, agriculture, and 
government heard President Eisenhower 
address the Conference on opening day. 


> Thomas A. Allan...Cooperative Re- 
finery Association, Great Bend, is chair- 
man of the new West Kansas Section of 
the National Association of Corrosion 
Engineers. Other officers are Dewey L. 
Peterson, Jr., Cities Service Oil Com- 
pany, vice chairman; Jack P. Berry, Na- 
tional Aluminate Company, Hutchinson, 
Kansas, secretary-treasurer. 


> David P. Schofield . . . appointed east- 
ern field representative to the industry for 
C. N. Flagg & Company, Inc. of Meri- 
den, Connecticut, pipe line contractors. 
Schofield will work out of Flagg’s main 
office in Meriden and will contact key 
engineers and purchasing departments of 
major petroleum producers and inde- 
pendent oil companies east of the Mis- 
sissippi. Schofield was formerly con- 
nected with Atlantic Refiining Company 
and Frederick Snair Company. 


> James E. Keifer, freshman student at 
the University of Tulsa College of Petro- 
leum Sciences and Engineering . . . award- 
ed a scholarship for the 1956-57 school 
year valued at $350 by The Pipe Liners 
Club of Tulsa, Oklahoma. Scholarhip 
was presented by I. B. Tietez, Phillips 
Pipe Line Company, president of the 
Club. Scholarship committee is composed 
of H. T. Chilton, T. S. Llewellyn, both 
of Service Pipe Line Company, and J. D. 
Jones, Gulf Refining Company. 


> J. R. Davis... appointed field super- 
intendent, eastern district, in El Paso, 
Texas, of Southern Pacific Pipe Lines, 
Inc. C. B. Miller... appointed assistant 
to general manager, headquartering in 
Los Angeles, California. J. B. Brock... 
promoted to chief operator-deliveryman, 
at El Paso, Texas, and R. R. McDaniel 
... appointed field superintendent, nor- 
thern district, in San Francisco, Cali- 
fornia. 
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When the 


man-sized 


perforating 


shows up 


LANE-WELLS 


~~ W uy 
ws E-GUN 

is the ‘husky’ 

\ to handle ‘em! 

‘ 


In East Texas, in West Texas, in all parts of the Gulf Coast 
—Lane-Wells “E-Gun” is being kept busier than a bird dog. 
Operators in these areas discovered, some time ago, that the 
terrific penetration of the “E-Gun” brought in results on the 
toughest kind of jobs. In fact, they tell us that the “E-Cun” 
often gets results when nothing else will. 

What are these tough jobs? Perforating hard, tight forma- 
tions, heavy cement sheathes, perforating after squeeze jobs, 
getting through multiple strings, preparing for acidizing and 
frac jobs. On all of these, hundreds of times over, the “E-Gun” 
has proved itself to the point that, now, many operators call 
for it on all their perforating. 

The “E-Gun” is a solid bar-stock gun, delivering as many 
as 50 shots per run, 360° pattern, 6” vertical spacing. Selective 
firing allows you to call for optimum shot density in any type 
of job. Available in 4 sizes, from 3-1/4” OD to 5-7/16” OD. 
And with it you get, of course, the depth measure accuracy 
and safety for which Lane-Wells has long been noted. 


Tomenwows Toole Vodlay/. 


LANE@WELLS 


¢ 
on pt 


General Offices, Export Office, Plant 
5610 So. Soto St., Los Angeles 58 


LOS ANGELES * HOUSTON + OKLAHOMA CITY 
LANE-WELLS CANADIAN CO. IN CANADA 
PETRO-TECH SERVICE CO. IN VENEZUELA 
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SERVICE OFFER 





UNIQUE 
ELECTRICAL WIRE LINE 
SETTING TOOL 


eer een 


NOW AVAILABLE TO ALL ELECTRICAL WELL SERVICE COMPANIES 


Every well owner can now benefit from using the 
Electrical Wire Line Setting Tool designed by 
Halliburton. It is being offered today through 
any electrical well service company for setting 
Halliburton’s dependable DM and DC drillable 
Bridge Plugs. 

This unique powder-type tool has a controlled 
setting cycle powered by a special blending of 
explosives that act directly on a piston-operated 
mechanism. It permits substantial savings of 
expensive rigtime and costly wear on tubing or 
drill pipe. 

Take advantage of this saving...through 
Halliburton or any other electrical well service 


company. The Powder Type Setting Tool is 
another development of Halliburton’s tremen- 
dous research program, which makes research 
our most important service. 


HALLIBURTON 


OlL WELL CEMENTING COMPANY 


DUNCAN, OKLAHOMA 
PROGRESS IN SERVICE THROUGH RESEARCH" 
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